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The Titles of the ſeveral TRACTS. 


L N ATTEMPT to prove the Aunual MOTION of the EARTH, 
4A by Obſervations made with accurate Inſtruments : wherein is ſhern the 
lity of doing it, by the moſt exad} Inſtruments and wayr uſed by pre- 

Aſtronomers. The Inftruments and metbod uſed in theſe Obſervati- 
ans: The way of ſeeing the fixed Stars in the Day time; and a new Hypo- 
thefis for ſolving ans feb Mn Bodies is binted. 

I. ANIMADVERSIONS an the Machina Corleftis of Ms. Heve- 
lius, wherein is detedied the i ion of Aſtronomical Inftruments bitherto 
uſed, and divers ways of reforming and perfetting thoſe and ſeveral other In- 
f =unmogan bs. rs, And ſeveral other new Inventions are 
added and particularly W ater-Levels.: The Cireular Pendulum, 
the Perfedion of Wheel-work, for Clocks and Watches, &c. together with 
their uſes, and the great advantage of theſe above other Inventions of the liks 

nature. 

IN. 4 DESCRIPTION of Helioſcopes with other. Inſtruments. 

i herein ove Diſccoered and Deferibed, ſeveral new w of we Cſs 

to look, pon the Body of the Sun without offence to the ew Eye. 2.4 

ſhorming Refletive and Refraitive Teleſcope. 3. 4 way of uſing a Glaſs of 
length without moving the Tube. 4. An for takgng the Di- 
emeter of the Sun, Moon and Planets, or other ſmall Diftances in the Heaven, 


to the certainty Far rej, 5- An Inflrument for deſcribing all manner of 


D as 6. Sn af 
mo te Hard of « Clock, ſo ar to wales eFe 


wars" or any other 
hoe BE 


| motion in a Curve Line, 
lent purpoſes, Tam, ir oy hag, ation of he Eclipſe of the Moan; 
Jan. 1. 167%, And a * zap hy xr 9B the Inventton of regul ating. 
IWatches, by Springs applyed to ogetber with 6 Dieak S 
ther uſeful Inventions, Sor dificemd, pert deferitedia dnograms. | 
IV. LA Ms 


TV. L4MPAS, ir Deſtipmions of ſome | 
| end Weater-poiſer, with other Phyfic . Wherein 
are diſcovered beſides the ways of obviating the inconveniencies of other con - 
| ' 


dancer of Lamps, Eight ſeveral way: of Making Lawys fo, ts ts reguth 
. rag {ona 22.76 wſes : ſeveral of w are there! mentioned and 
explained : Beſides which, various ways and uſes are deſcribed of poyſing 
_— by the by, ſeveral Thevries end Explications are inferte4, particularly 
Flame and Bninjny, aboiet Light, Colonr, Grivity, Loca! Metion, Preſ- 
| fare of Fluids, &c. th, Anſwer to ſome Objedtions of Dy. More, air 
- ſore former Diſtonrſes Publiſhed by the Amthor. To theſe ave added the 
Deſcription of a new ſort fydra or Water-Cloch 2. A news Prin- 
us regulating Pocket « 3. Several Microſcopical Obſervations 
the Seeds. of Moſſe, , ab kjnds of Ferns, Wall-Rue, Harti- 
Tongue, Oftund Royal, 8c. ©. An Obfervation of ſpots in the Sun. . 
COMET A, cortzining Obferyittions on the Comer in April, 1697, | 
Alſo for the years 1664. 1665. Str Chriftopher Wren'; Hypotbeſir and 
Geometrical Problem abowt thoſe Cometr. A Diſeaſe concerning | the 
Conget, 1677. | 
My. Boyl's Obſervation made on two new Phoſphori of My. Baldwin, aud 
Mr. Craft. o 
My. Gallet*s Letter to My. Callini, together with hit Obſervation of J ſub 5. 
Mr, Caffini's RefleFions wpon thoſt of Gaſfendus and Hevelius, and upon this. 
Myr. Hally*s Letter and Obſervation of the ſame made st St, Helena. 4 
Mr. Caflmi's Obſervation of the Dinernal motion of y , and other Changes h 


; or #. 

MICROSC OPIUM, containing Mr. Lecuwenhoecks two Letters 
The Avithor? r Diſconrſe and Deſcription of Microſcopes, improved for diſcerning 
-. the nature and texture of Bodies. "BH NDINK je ns 
P. Cherubines Accuſations Anſwered. ji k ene 
My. Yonge's Letter containing ſtveral Anztomicalt Obſervations. 

VL LECTURES dePotentia Refticutivi or f Spring, Explaining the 


Y, 


Power of S = ha To which are ated ſame Collefions, via, 
A Defeviption of Dr. Papyins Pind-Founzain and Foree-Piemp. 
Mr. 'Y, conterning natural Founzant. 


Sond order | T: ing that Subjett. : poequaq pets 
promote green emu rk Cave and Ciftern, © 
M.G. T. bis Obſervations made on the Pike of Tenerif, Anno 165 4. 


Same Refletivns and Conefhere 
A Relation of 8 late Eruption in the Iſle of Palma. of 


s occaſioned thereupon. 


MO Ti0N 


OF THE 


EARTH 


Oblervations 


MADE BY 


ROBERT HOOKE Fellow of the 
Royal Society. 


— 


ee. 


Senec. Nat. Qu. lib. 1. cap. 3e. 
Nd miremur tam tard? ervi qua tam alt? jacent. 


LOND®O N, 


Printed by T. R. for Fobn Martyn Printer to the Royal Society, 
at the Bef in St. Pauls Church-yard. 1674- 
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TO TRE: 
TRULY HONORABLE 


Sir John Cutler 


KNIGHT and BARONET, 


My Worthy 


» Mong ſeveral Eminent Marks 
&F of your Greatneſs of Mind 
& for promoting the Publick 
BD Good, that of your Bounty 
for the Advancement of E x- 
periments] and Real Knowledge, by the 
Founding a Phyſico-Mecbanical Lef@ure , 
A 2 deſerves 
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eſpecially by me whom you have honoure 
by eſtabliſhing your firſt LeFurer. As an 
Earneſt of others more confiderabſe ſhortly 
to follow, I here preſent you withsone of 
my Diſcourſes in; that Employment, which 
though ſhort and plain , conteins ſomewhat 
of Information which the Learned have hi- 
therto deſired, though almoſt with deſpair. 
As I hope their kind Acceptance will pro- 
duce their thanks to you to whom they are 
juſtly due, ſo your Acceptance will incou- 
rage me in the further proſecution of theſe 
Inquiries to approve my elf, SL 
| F-IY 


.. 


Noble Sir, 


From Greſham Colleage, 
March 25. 1674. 


Tour moſt obliged, and 


mo$Þ bumble Servant 


RoBtrT Hooks. 
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" Hove farmerhy in the Preface of my Micrographia 
given, the World an account of the founding a Phy- 
fico-Mechanical LeQure-in the. Tear 1665 , by 
... Sir John Cutlerfar the promoting the Hiſtory of Na- 
ture and of Art.In proſecution thereof, # have collecied many 
Obſervations beth of the one and the other kind , and from 
time to time (as obliged) I have acquainted the Royal 
Society at their Publick Meetings, both at Greſham Col- 
ledge and Arundel Hauſe therewith, by Diſcourſes and. 
.Le&ures thereupon. 
Now in order to the further promoting the End and De 
of this Le&ure, I have comphed, with the defire of 
ſeveral of my Friends (though otherwiſe not therewno obli- 
ged) to commit divers of thoſe Diſcourſes to the Publick, . 


though of themſelves for the mod part incompleat, and El- 
ſayes - or. Attempts only upon ſeveral Subjefs which have - 
no dependencie or coberencie one-with another. In the do... 
ing hereof, 1 deſign to avoid any kind of - Method or Order - 
that may require Apologies, Prefaces, or needleſs Repetitions 
of what is already known, or might have been ſaid upon that 
Occafion, or may neceſſitate me to follow this or that Subje#i, 
that doth not ſome way or other offer it ſelf 25 it were, and ' 
prompt - 


wg 10g we 6m 

occaſion att referred to under the Tele of their Num- 
ber and Page, This way I chuſe 2s the bes? for promoting 
the Defign of this Leftiifes for > there þ» ſcarce vie $, 

of ho tÞat may be phiched upon, but to write"an 

and compleat H; ſtory thereof, would require the whole 

and attention of a mans life , and ſome. thouſands of Inven- 
tions, and Obſervations to aftomplifÞ it+ 'So on the other fide 
n0 man is able to Jay that he pit compleat this or that 'Þh. 
quiry, whatever it be, ( The preares} part of broention be. 
ing but a Iuckey bit of chante, for the mos? part not itbar 
own power, and like the wind, the Spirit 'of 

eth where and when it liteth, and we fearte bnow whende 
it came, or whether tis gone.) "It will be much better there- 
fore to imbrace the influences of Providence, and to be felt. 
gent in the inquiry of every thing we meet” \with:- ' Foj5ye 
ſhall quickly find that the number of ctder ble Obſorvas | 
tions and Inventions this way colleted, will a thrntred fol 
out-/trip thoſe that are found by Defign. "No man but hath 
foe Iuckgy hits and uſeful thoughts on this or that Subjeff 
he 'is converſant about, the reparding and © communictting' of 
which, might be a means to other Perſons highly to improve 
them, Whence "twere much to bewiſhed, that others would 
take this Method in their Publications, and not torment 


their Readers with ſuch nauſeous Repatitions, and frivolows 
Apologies, 


cboue and. AIP Pos from: FA DN that 
me=—AA buryand corrupt it . 

1\Zhe compenicating. ſuch 
adv/ wah lake pd wars fire #0-fit.it ofap_ the. Prat ; 
tht Relation being ſo raxch the hetter 3be plaimer it 16. 4nd 
matter of Fa& being the Kernel Readers generally deſire(at 
deoft bn thije Subjelic ).. it will be fo'wuch the rigaier fer we 
if ut'te freed yron the hick: and bard ſbebbgf\lapenvinences. 
T his way alſo in wore grateful both to the Wrizer and: the 
Reader, who proceed with g freſh flomach; upon. wariety., 
but would be weary and duill'd if heiefſitated.t0..Ganti 90 
Jong wport one Subjett, There are other convertencits alſo 
in this Method of Communication nit leſs conſiderable then 
the former, among ft the reſt the ſecuring of Inventians to 
their. gorfs Authors, mbich. tis hardly pofftble to day ary.or 
ther ——_—— elit of Reina #hat make it their 
infonc/s.to- pump and fby out bers Inventions, that they may 
wend them w0 Traders of that kind, who think they, do ige- 
muouſh to print them jor their awn, ſince they, have. baught 
and paid for'thein. - Of vhis there han lately been fame de- 
FHances, and more may be expefted, if this way prevent mot. 

IWhen things cannot be well ory, by words only 
(which 53» frequent in Mathemacical and Mechanical Dif- 
courſes) I adde Schemes and delineatious: Deſcriptions of 
Batkind being eaſier to be made and underStood. As. 


near as I can 1 omni the repeating things already printed , 
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Tr DIG copied a por an 
Greſham Calledge in the Tear 1670. when 1 deſigned to 
have printed it, but was droerted by the: advice of | ſame 

Friends to flay the repeating the Obfervation, rather then 
-publiſh it upon the Experience of one Tear only. Keene 
that Re RS 
Tryals, and that ſome Tears Obſervations have already been 
-boft by the firſt delay + I do rather haſt it out now, though 
-imperſeZ4, then detain it for a better compleating, boping it 
may be at leaſt a Hint to others to profecate and compiler 
the Obſervation, which Imuch long for. 
This firfl Diſcourſe is upon an Obfervation of Nature, 
nd may therefore be properly referred to that Head , thaugh 
it comtein alſo ſomewhat of the Improvement of Art : The 
ſecond ſpeedily to follow, will more properly be referrable te 
Artificial Improvements , though it mill contein affo ma- 
Obſervations 'if Nature ; and 1 defign alwayes to make - 
_ them follow each other by turns, and as 'twere to imerweave 
them, being apart but like the Wary or Woof before contex- 
ture, unfit either to Cloth, or adorn the Body of Philo- 


lophy, 
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OBSERVATIONS. 


ove. Hetber the Earth move'or. ftand ftib} bath 

Es bcena Prob'em, that fince Copernicas revi- 

ved it, batt'much exerciſed'the Witsof our 

; beſt modern Aſtronomers and Philoſophers, 

amongſt which notwithſtanding there hath 

not been any one who hath found aut a cer- 

tain manifeſtation either of the one or the 

| dQ other Dodrine. The 'more knowing and 
judicious bave for many plauſible reaſons adheredto the Coperni- 
cas Hypotheſis : But the generality of others, either oat of ig- 
norance or prejudice, have rejected it as a moſt extravagant'o- 
pinion. To thoſe indeed who underſtand not'thegrounds afid 
principles of Aſtronomy, the: prejudice A _— 


hs s ke thew belicye thay 
| yy "4 ie'Thar £ HOU RY L 
ſand the engency of the Keſbosfe preſence, fix 
he following obſervationsof Parley, nuch leſs thereforeTan 
ro ſay, .'Tis not here wy buſinefsto inftrut thenrig.ebe firiFpriu- 
ciples of Aſtronomy, there being already Introdtationseno'gh | 
for that purpoſe : But rather to furniſh the Learned with an ex- 
perimentum crucis to determine between theTychonick and Coperni- 
can Hypotheſes. That which hath hitherto continued the diſpute 
hath been the plauſibleneſs of ſome-Arguments alledged by the 
one and the other party, with ſuch who have been by nature 
oreducation prejudiced to this or that way. For to one that 
hath been converſant only with illiterate perſons, or ſuch as 
underſtand not the principles of Aſtronomy and Geometry, and 
have had no true notion of the vaſtneſs of cheUniverſe,and the ex- 
ceeding minuteneſ of theGlobe of the Earthin compariſon there- 
with, who have confined their imaginations & fancies only with- 
In the compaſs and pale of their own walk andproſpe@&,who can 
ſcarce imagine that the Earth is globous, but rather like ſome 
of old, imagine it to bea round plain covered with the Sky as 
witha Hemiſphere, and the Sun, Moon, and Stars tobe 
through it by which the Light of Heaven comes down; 
ſuppoſe themſelves in the center of this plain, and that the Sky 
doth touch that plain round the edges, ſupported in part by the 
Mountains ; that ſuppoſe the Sun as big as a Sieve tc / 
as a Chedder Cheeſe, and hardly a mileoff, That wonder 1 
the-Sun, Moon,and Stars do not fa'l down like Hail-ftvnes.# 
that will be martyr'd rather then grant that there way be Aati 
podes, believing it abſolutely impoſſible, ſince they muſt necell 
rily fall down into the Abyſs below them: For how can theygo 
with their feet towards ours,and their heads downwards, with- 
out waking their brains addle. Toone I ſay,thus prejudiced with 
theſeanda thouſand other fancies and opinions more ridiculous 
and abſurd to knowing men, who canever- imagine that the uni- 
formity and harmony of the Celeſtial bodies and motions, ſhould 
be an Argument prevalent to perſwade that the Earth moves a- 
bout the:Sun : - Whereas that Hypotheſis which ſhews how to 
ſalve 
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falve the appearances ea Gt A Aa 
"oops mak ſo plaukible that none of theſe can 
it, 


Now thoughit may be ſaid, 'Tis nor. only thoſe but great 
Geowetricians, Aſtrorowers and Philoſophers bave alſo adhe- 
ced ro-chat fide; yer generally the reaſon; ig. che very ſame. For 
oy when young, have been imbued with principles 

s and rude as thoſe of the Vulgar,, eſpecially as.to the 
Coneabiobeiciog the World, which leave fo deep an im- 


preſſion uponthe fancy,that they are not without great pain and 
frouble obliterated : Ochers, as a further confirmation in their 
childiſh opinion, have been inſtructed inthe Prodemajck or Tr- 
chontck Syſtem,and by the Authority of their Tutors, over-awed 
into a belief, if not a veneration thereof : Whence for the moſt 
part ſuch perſons will not indure to. hear Arguments againſt ic, 
and if they do, 'tis only to find Anſwers to-confute them. 

"On the other fide, "> go a contradiding nature to their 
Tutors 3 -others,by asgreaC a prejudice of inſtitption ; and ſowe 
few others upon better reaſoned grounds, from the proportion 
and harmony of the World, cannot but imbrace-the Copernicar 
Arguments , as demonſtration; that the Earth moves, and that 
the Sun and Stars ſtand ſtill. 

I confefs there is fowewhat of reaſon on both fides, but there 
rang prejudice even on that fide that ſeems the 
moſt rational. - For by way of obje&ion,, what way. of de- 
monſtration haye we that the frame and conſtitution of the 
World is ſo harmonious according to our notion of its harmo- 
ny, as we-ſuppoſe? Is there not a poſſibility that the things may 
be otherwiſe? nay, is there not ſomethingof probability? may 
not the Sun move as Tikho ſuppoſes, and the Planets wake their 
Revolutionsabour ic whillt che Earth ſtands ſtil], and by its 

tiſn attracts the Sun, and ſo keeps him moving abou iz, 
whilſt at the ſame time & and 2 move about the Sun, after the 
ſame manner as and % move about the Sun whilſt the Satellites 
move about them 8 eſpecially ſince ic is not demonſtrated with- 
our much artanddifbeulty, and taking many things for granted 
which are hard tQ be proved, that there is any body in the U- 
niverſe more conſiderable then the Earth we tread on. Ts there 
not much reaſon far the Hypotheſis "of Tichs at leaſt, when he 


with all th accurateneſs that he arrived to with his vaſt Inftry- 
B 2 ments 
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ments, or Riecioli, who pretends much to out-ſtrip: him, were 
not able to find any ſenſible Parallax'of the Earths Orb among, 
the fixt Stars, efpecially if the obſervations upon which they 
ground their aſſertions , were made to the accurateneſs of ſome 
few Seconds ? What then, though we:-have a Chimera'or Idea 
of perfedtion and harmony in that Hy pothefis 'we pitch upon , 
may there not be a much greater harwony and proportion inthe 
conſtitution it ſelf which we know not, though it be quite 
differing from what we fancy £ Probable Arguments might thus 
have been urged both on the one and the other ſide to the Worlds 
end ; but there never was nor could have been any determina= 
tion of the Controverſie, without ſome poſitive obfervation for 
derermining whether there werea Parallax or no. of the Orbot 
the Earth 3 This Tirho:and+Riccroli affirm in'the Negative; that 
there is none at all : Bur I do affirm there is noone that can either 
prove that there is, or that there is not any Parallax of chat Orb 
amongſt the fixt Stars from the Suppellex of obſervations yer 
made either by Ticho, Rzzecvols, or any other Writer that I have 
yet met with from the beginning of writing to this day. For 
all Obfervators having hitherto made uſe of the naked eye for 
determining the exa@ place of the obje&, and the eye being un» 
able to diſtinguiſh any angle leſs then a minute, and an obſer» 
vation requifite to determine this requiring! a much greater ex- 
aGnefſs then to a minute, it doth neceflarily follow that this 
experimenturs cricis was not in their: power, whatever either 
Ticho or Riccioli have ſaid to the comrary , and would thence 
overthrow the Copernican Syſtem, and eſtabliſh their own. We 
are not therefore wholly to acquieſs in their determination , 
ſince if we examine more nice:y into the obſervations made 
by them, together with their Inſtruments and wayes of ufing 
them, we ſhall find that their performances thereby were far 
otherwiſe then what they would ſtem tro make us believe. The 
Controverke therefore notwithſtanding all that hath been ſaid 
either by the one or by the other Party, remams yet. undeter- 
mined, Whether the Earth move above the Sun, or the Sun about 
the Earth ; and al! the Arguinents alledgedeither-onthis: or thac 
fide, are but probabilities at-beſt,. and admit nocof a necefla» 
ry and poſitive concluſion. Nor is there indeed any. other 
means lefr for humane induſtry to determine Ir, ſave 'this one 
which I haye-endeavoured ro make z and the unqueſtionable 
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certainty, thereof is a moft undenyable Arguinent of the truth of 
the Copornican Syfteme'; and the want thereof hath been che 
png Argument that hatch hitherro ſomewhat detained me 
dechringabſolttely for that Hypotheſis, for- though it 
dorh in particuſar-almoft ſeem to ſolve the appearances 
_ ly and eafrly', and toafford an exceeding harmoni- 
firurion of the great bodies of the World « 
Get i virh another”, a5 to their magnitudes, motions, and di- 
ſtances, yet this objeRion was alwayes very plauſible to moſt 
men, that it is afffemed by fach as have written more particular- 
ly of chis ſubje&,' char there never was any fenfible Parallax dif- 
covered by the beſt obſeryations of this ſuppoſed annual mo- 
tion bf, the Fatth hour the Sun as' irs center; though moved int 
an'Orb whoſt'Diameter ts by the greateſt tuitaber of Aſtrome- 
mers reckoned berween 11 and 12 hundred Drameters of the 
Earth : Though ſame others make it between 3 and 4 thonfind ; 
others between 7 and 8.; and others between 14 and r$ thou- 
fands ; and Fog apt to believer way be yer much wore \ each 
Diathdcer the Earrh bein ſuppoſed ro be between 7 and 8 
choufind Engliſh miles, and'confequently the whole being re- 
duced into miles, if we reckon with thewoſt , amounting to 120 
millions of Engliſh miles. It cannor, I confeſs, bue feem ve- 
uncouth and ſtrange to ſuch as have been uſed to toafine the 
Vortd with leſs dimenfions, that thisanaual Orb of the Earth 
of ſ6 vaſt a magnirude ſhould have no fendible Parallax amongſt 
the fixt Stars, and therefore *twas in vain to indeavour” to an-- 
ſwer that objeRion. For it is unreaſonable to expe that the 
fancies of moſt men ſhould be ſo far ſtreined beyond their nar- 
row dimenſions, as to make them believe the extent of rthe-Uni- 
verſe ſo. imwenſly great'as they muſt have granted it ro d be, ſa ps - 
ms no Paratlax could have been found. 

The Inquificive Jeſuit Rzc7oli has taken preat pains by 77 
Arguments to overthrow rhe Copernizen Hypotheſis , and is 
therein ſo earneſt and zealous, that though otherwiſe a very 
tearned man and good Aftronomer, he ſeems ro believe his own 
Aoents * bur all tis cther 56 Arguments wight have been 

ted as to moſt wen, if upon making” obſervations as 1 have 
one, he could have proved there had been no ſenſible Paral- 
hx this way diſcoverable, as 7 believe this one Diſcovery wi | 
anſwer them, and 57 more, if fo wany can Þe thovghe of and 
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aligned, hat we 
would thus limit and bound, could as cafily wake it millions of 
millions of times bigger, as of that quantity we imagine ; and 
zl the other a ppearances except this of Parallax would be the 
very ſame that now they are.  To.me indeed the Univerſe ſeems 
to be vaſtly bigger «then 'tis hicherto aſſerted by any Writer , 
when I conſider the many differing magnitudes of the fixt Stars, 
and the continual increaſe of their number according as they 
are looked after with better and longer Teleſcopes. And could 
we certainly determine and meaſure their Diameters , and. di- 
ſtinguiſh what part of their appearing magnitude were to be at- 
tributed to their bu!'k, and what to their brightneſs, Iamapt 
to believe we ſhould make another diſtribution of their magni- 
tudes, then what is already made by Ptolowy, Ticho, 
Kepler, Bayer, Clavim, Grienbergerms, Piff, Hevelius and 0» 
thers. W | 

For ſuppoſing all the fixt Stars as ſo many Suns, and 
each of them to have a Sphere of aGivity or expanſion pro- 
portionate to their ſolidity and aGivity, and a bigger and - 
brighter bodied Star to have a proportionate bigger ſpace 
or expanſion belonging to it, we ſhould from the knowledge 
of their Diameters and brighcnefſes be better able to judge 
of their diſtances, and conſequently allign divers of them 
other magnitudes then thoſe already ſtated : Eſpecially ſince 
we now find by obſervations, that of thoſe which are ac- 
counted fingle Stars, divers prove a congeries of many Stars, 


though from their near appearing to each other , the na- 
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ked eye cannot diſti them; Such as' thoſe Stars which 
are:  Nebalons, and thoſe 8 Orin Sword , and that in 
the: heat of: Fries , anda multitude of achers the Teeſcope 
doth. now: dete&; And poſſibly we may find *that"thoſe 
rwenty/; wagnitudes of 'Stars now diſcovered © by x fifteen 
foot Glafs/ may: be found 'to increaſe the magnitude of the 
Semidiameter-o0f the viſible World , fourty times bigger then 
the Copermcans now ſuppoſe ir between the Sun and the 
fixt Scars, :and conſequently ſixty four thouſand times in 
bulk: - Aud" if a Teleſcope of double-or © treb'e the good- 
neſs of one 'of-fificen ſhould- diſcover dvuble' or treble” the 
{aid number of. magnitudes , would it not Ve an * Argument 
of doubling or trebling the former Diamerer, and of in- 
creaſing the bulk eight or twenty ſeven times, Eſpecially if 
their apparent Diaweters ſhall be found reciprocil to their D>- 
ances (for the determination of which I did _ Tonic #b- 
ſervations, and -defign tocompleat with what ſpeed T-am'able.) 
Bue to, digreſs no further, This grand objeGion of the '4nr:- 
copernicans, which to moſt men ſeem'd ſo plauſibce, that it was 
in vain to oppoſe it, though, I ſay, it kept me from declaring 
abfolutely for the Copernicen Hypotheſis, yet I never found any 
abſurdity or impoſſibilicy that followed thereupon: And I 
alwayes ſuſpected that though ſome great Aſtronomers had af- 
ſerted that there was no Parallax to be found by their obſervati- 
ons, though made with great accurateneſs, there might yet be 
a poſſibility that they might be miſtaken z which made me al- 
wayes look upon itas an inquiry well worth examining : firſt, . 
Whether the wayes they had already attempted were not | ubje 
and lyable to great errors and uncertainties : and ſecondly , 
Whether there might not be ſome other wayes found our which 
ſhould be free from all the exceptions the former were incum- 
bred with, and be ſo far advanced beyond the former in cer- 
tainty and accurateneſs, as that from the diligent and curious 
uſe thereof, not onl yall the objeGtionsagainſt the former might 
be removed, but all other whatſoever that were material to 
prove the ineffeualneſs thereof for this purpoſe. 
I began therefore firſt to examine into the matter as it had al- - 
ready been performed by thoſe who had afſerted no ſenfible Pa- 
rallax of the annual Orb of the Earth, and quickly found that 


(whatever they aſſerted) they could never determine whether 
there 
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there were afy or no Parallax. of this angual Orb; efpectaly if 
it were leſs thena minute, which Kepler and Ricciolt hy patheri- 
cally\affrm it robe : The former making it about" twenty four 
Secands, and the latter abaut-ten,, For changh Tichs;'2 man 
of unqueſtionable truth in his alſertians ; affirm. 3r-poſſibie-19 
obſerve with large Inſtruments; canveniently wounted and fur- 
niſhed wirh ſights cootrived by hunſelf ( and now: the common 
ones for Aſtronomical Inſtruments) to the accuracenefs of teu 
Seconds ; and though Ricciols and bis ingenious and accurate 
Companion Grimaldi affirm it poſſible to make obſervations by 
their way, with the naked edge to the accurateneſs of five” Se- 
conds ; Yet Kepler did affirm, and that juſtly, that *rwas im- 
poſſible to be ſure to a leſs Angle then 12 Seconds: And I 
from my own experience do find it exceeding difficult by any 
of the comman ſights yet uſed to be ſure toa minnte. . I quickly 
concluded therefore that all cheir endeayours muſt have hicherto 
been ineffeual to this purpoſe, and that they had not been'leſs 
impoſed on themſelves, then they had deceived others by their 
miſtaken obſervations. And this miſtake I found proceeded, 
f:om divers inconveniencies their wayes of obſervations were 
lyableto. As firſt from the ſhrinking and ſtretchingof the mare- 
rials wherewith their Inſtruments were made, I conceive a much 
ter ang'e then that of a minute may be-miſtaken in taking an 
altitude of fifry Degrees. For if the Inſtruments be made of 
Woad, 'tis manifeſt that moyſt weather will make the frame 
ſtretch, and dry weather will make it ſhrink a much preater 
quantiry then to vary a minute : and if it be Metal ; unleſs itbe 
provided for in the fabrick of the [nſtrumenc accordingly, the 
heat of Summer , when the Summer obſervations aretobemade, 
will make the Quadrant ſwell, and the cold of Winter will make 
it ſhrink much more then to vary a minute : Both which incon- 
veniencies ought to be removed, Next the bending and warp- 
ing of an [nſtrument by its own weight, . will wake very con- 
fiderable alceration, And thirdly, the common way of Diviſi- 
on is alſo lyable to many inconveniencies: And *cis hardly pof- 
ſible to aſcertain all the ſubdivifons: of Degrees into” mittites 
for the whole Quadrant, though that be not altogether” impoſ- 
ſible. But I will ſuppoſe that they did foreſee, and-in ſome 
manner prevent all theſe incanveniencies, eſpecial'y' Tichs and 
Ricciols, who ſeem to have been aware thereof, But there' was 
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they ſcrew not to have been nfible of, from whence 
"j all their own miſtakes, and their impoſing upon o- 
thers, and that was from their opinion that the ſight of the 
' naked eye was able to diſtinguiſh the parts of the 
objec as minutely as the limb- of the Quadrant ( of what 
largeneſs ſever } was capable of Diviſiors; whereas'tis hard- 
ly poſſible for any unarmed eye well to diſtinguiſh any Angle 
much ſwaller chen that of a minute : and where two objets are 
not farther diſtant then a minute, if they are bright objeds , 
they coa'eſs and appear one, though I confeſ;, if they be 
dark objedts, and a light be interpoſed, the diſtance berween 
them ſhall be viſible, though really much leſs then a Second ; 
and yet notwithſtanding, my f:rſt aſſertion ſtands good; for 
though a bright objeR,as a candle or light at a diſtance,ora Star, 
or the like, can be ſeen by the eye,though its body do really not 
ſubtend an Angle of one third, yer it proceeds from a radiation 
(that is, from refle&ion and refraQtion together) in the airand in 
the eye, whereby the body thereof is repreſented to thenaked 
eye ſome hundred times bigger then it really is, That this is 
ſ», any one that will but carefully examine will find ir true. 
Ic was, I doubt not, their extraordinary deſire and care to 
be exaQ, that cauſed them to make their Inſtruments ſo large, 
and to ſubdivide them ta ſuch anexafne(s, as to diſtinguiſh, 
if poſſible, ro Seconds ; And ] queſtion not but that they aſed 
their utmoſt indeavour in direding the ſight to the object : bur 
fince the naked eye cannat diſtinguiſh an Angle much ſmaller then 
a minute, and very few to a whole minute, all their charge and 
trouble in making and managing large Inſtruments, and in cal- 
cu'aingand deducing f:om them, was as to this uſe in vain. 
Hence 1 jadged that whatever mens eyes were in the younger 
age of the World, oureyes in this old age of ir nenke#! Speaa- 
cles; and therefore I reſolved to afſiſt my eyes with a very 
large and good Teleſcope, inſtead of the common fights, where- 
by I can with eaſe diſtinguiſh the parts ofan obje to Seconds: 
and I queſtion not butt this way way be yet made'capable of 
CE EEpentonty poſſibly even to ſome few 
Third. .. This invention removed. that grand inconvenience 
which al former obſervations were ſpoiled with : but there _ 
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mained yet further this difficulry, How to:make an- Inſtrument 
large enough for this purpoſe, tliat I mighc be aſſured 14 not” 
ſkrink, nor warp, nor ſtretch ſo much as to: vary a* Second; | 
for ſuch is the nature of all Materials that can. be made uſe off 
for Inſtruments of the bigneſs I deſigned-this, that 'tis ahnoſt 
impoſſible to make a moveable Inſtrument that ſhall not be- 
ſubject to a variation of divers Seconds«. | It was therefore wy: 
next inquiry where I might fix this, Archimedean Engine thac- 
was to move the Earth. For the doing of which, I knew 'twas' 
in vainto conſult with any Writer or Aftronoier, having never 
then heard of any perſon that had ever before that time had. any 
thoughts thereof : and when I firſt propounded-it to-the- Roye/ 
Seciety, *twas look'd. upon as a- new thought, and ſomewhat 
extrayagant, and hardly pradticable, until upon. hearing my 
explication, and the various wayes how it might be re 
into-praQiſe, it was at length judged: poſſible , and defirable 
to be tryed. I propounded therefore to them the ſeveral ways 
that'it was poſſible to-be performed ; and what method' was to 
be obſerved in every one of them, and ſornewhat of the con- 
veniencies and incanveniencies in each of them; for having ſe- 
rioully medicated upon the Inquiry, I quickly thought'of many 
expedients for .the doing. thereof,” As firit, I had thoughts of 
making u of fome very great and maſſy Tower or Wall that 
were well ſetled,, orgf ſome large Rock or Hill whereunto I 
might fix my Glaſſes, ſo as to-take the exa@ aititude of ſome e- 
minent Star'near the Pole of the Ecliptik, when at its preateſt- 
height, at two diftering times of the year ;. ro wit, about the 
Summer and Winter Solſtice, toſee if poſſibly I could-diſcover: 
any difference of altirude between the firſt and ſecond obſer- 
vation. But to acconyuliſh-this C beſides the vaſt difficulty 
there would have been to: have meaſured ſuch an' Angle to the 
accurateneſs requiſite, if at. leaſt it were deſwed: ro bave the 
Angle of altitude to Minutes and Seconds, which onght alſo to 
have been repeated as oft as any obfervation had been made for 
fear of ſetling or fwelling, &c.). I was deſtitute of ſuch a con- 
venience near my habitatian ;\ beſides, had''F had my wiſh, I 
faund that 'twas lyable toan inconvenience! that would wholly 
overthraw my whole deſign, which F knew'not welt how: to a+ 
void :: Namely, to that which hath hitherto made-even the very 
beſt 
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Have beerbor very litre ar the. Pole 
the Ecliptick, yet ir- been « mwfibly to ha 
ſpoiled the whole obſervation , and 't0 hive given the fuc- 
5 an opportumity of evading the (aken 
from ic , eſpecially upcn the account of the differing conſtitt- 
tion of rhe Atmoſphere in Fwre gnd December , which 
have cauſed fo much a greater refra&ion of the ſame attirndear 
one time then another, as worlld Fave been ſufficient to have 
made this obſervation ineffeQuzl for what it was defignetl. 
Addeto this , that it would have been no eafie matter to have 
fet the Glafles or Teleſcope exaQly againſt the Meridian, fo as 
eo ſee the higheſt altitude of any Sar near the Pole of the Eclip- 
tick-diſtinfly to a Second. 
; Eke like difficulries I found if obſervations were wade of the 
greateſt alcirude of the Poie of the Ecliptick in Fane and De- 
cember, or the leaſt altitude of the ſame in December and Jane, 
For befides all the uncertainties that the Inſtruments, Þe they 
what they wil], are liable to, the grand inconvenience of the 
refration of the Air, which is to ſpoil al! obſervations 
if it be intermixed with uncertainty, inthe former is conſidera- 
ble, and in the later intolerable. 

" Having therefore examined the wayes and Inſtruments for ak 
manner of Aſtronomical obſervations hitherto wade uſe of, and 
conſidered of the inconvemiencies and imperfeGions of thew; 
and having alſo duly weighed the great accurarenefs and.cer- 
tainty that this obſervation neceffarily required :* I did” next 
contrive a way of making obſervations that might be. free from 
all the former inconveniencies and exceptions, and as near as 
might be, fortified againſt any other that cou!d be invented or 
raiſed againſt i it, This way then was to obſerve by tte paſſing 
of ſme confiderable Star near the Zenith of-Gye/ ſham Coledge 
whether it did not at one time of the year paſs1 theg toit, &F 
at another further from it: forf the Farth' did move inan Od 
about the Sun, and that this Orb had any fenfible Parallax a; 
mongſt the fixt Stars z this muſt neceffarily 'Fappen, ef FRonuey 
to thoſe fixt Stars which were neareſt the Pole of the Edip | 
tick. And'that this is ſo, any one ray plainly __ '— 
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conſider the annexed Scheme "Fig. I. where let S repreſene te 
Sun placed as it were in-the center of the PlanerarxOrbs, ABCD 
an imaginary Orb of the fixc Stars of the firſt magnirade,:iwhoſe 
center. far demonſtration ſake we. will ſuppoſe the Sunc | Let 
YS4V repreſent theOrb in whichtheEared is ppoſed eexmove 
about the Sun, obliquely projeed on the Paper. © Let Wre- 
preſent the Earth in Capricorm, and S the Earth in Cancey, 
let 1 2+ 1 2. repreſent the imaginary Axis of-the Earth, keepi 
cantinually a paralleliſv to its ſelf and let ATCD S repreſent 
an imaginary Plain paſſing through the center of the Star at 'D 
in the So!ſtitial. Colure , and the two centers of the 'Earth-in 
Wand S, and C repreſent- the Zenith point of Greſbam Col- 
ledge at noon, when the Farth is in Cexcer, and A the Ze- 
nith pint of the ſaid Golledge at midnight in the aforeſaid Ort 
ABCD when the Earth is in Copricorn, 'tis manifeſt there- - 
fore that ſince the Poles of the Earth, the Poles of the Eclip- 
tick, and the Zenith points of the Earth at noon, when 1n 
Cancer , and at midnight, when in a ares are all in the 
ſame Plain ; and that the Axis of the Earth keeps a'wayes its 
paralleliſin , and that the Angles made by the Perpendicu/ars 
of Greſbeam Colledge, with the; Axes are alwayes the fame , 
that the aforeſaid Perpendiculars, ofgithe ſaid Colledge ſhall be 
parallel alſo one to another , and ogdnſequently deno;e out twe 
points in the aboveſaid Oib A and C as far diſtant from each 
other as the paral'el Lines AW and C Sare, and conſequently 
the point A ſhall be farther from the Star in D, and the point 
C ſhall be nearer coit, when in the Meridian near the Zenith 
of London ,. and conſequeatly if the ſaid Star be obſerved 
when in the Meridian of the place aboveſgid ,-if there be any 
ſuch difference conſiderable, it may be found if convenient 
Inſtruments and care be wade uſe of for the obſervation there- 
of ; and the difference between the Angle AD, and the An- 
gle CSD, will. give the para/laQical Angle V D Sof the Orb 
- of the Earth'to the fixe Star D of the firſt magnitude. The 
ſame demon(tration will hold mutati mutendis , ſuppoſing the 
Sear be not in the Meridian or Plain aboveſaid, bur in ſome 
other Meridian, as any one upon well conſidering the nature + 
_ of the thing it ſelf may eaſily prove, if the obſervation be \ 
wade” when the Zeaith paſſes by the Star at midnight, and ar 
wide 


he 'Ze> 
ith "of the p'ace at the rimes herd, aſt y 
paſs atone time to the North ſide of the Pole of the Eclipeicſ? 
and at the other on the South fide, and the Zenith of Merch and 
Seps. muſt paſs through the very Pole-point it ſelf. Now it 
falting our ſo, that there 'is no conſiderable Srar in thac part 
of the Heavens nearer the above ſaid Pain, and nearer the Ze 
nith point of Greſham in that Plain, then the beige 
Star in the head of the Dregon, I wade choice of that Star 

the obje& by which I deſigned to make this obſervation, find- 
ing the Zenith point of Greſheaw- Calledge to- paſs' within ſome 
very ſew minutes of the Star” iff 3" the declination thereof 
according to Rieciols being 5 1%: 3647”, and the Plain the Star 
and Pole of the World,making an Angle with the aforeſaid Plain 
but of 2*. 52. 36, the right aſcention thereof being accord- 
ing to Riceroli 267* 7'. 24". 

- And that this may te wade a little plaiver, let us Oppoſe 
in the third _ the North part of the Heavens projeded | 
ſtereographical upon a P'ain tro which the Axis is ICU- 
lar: Let p repreſenc the Pote, e the Pole of the Ecliptick , | 
the bright Star inthe head of Drace, and let- a c e © repreſent 
an imaginary- Circle deſeribed by the Zenith” of Grefbem Col- 

e among the fixt Srars in Jane, and bd d& alike Cire'e 
deicribed by the ſaid Zenith in December, and efff + like 
Cirde defcribed as above in March, and ghbhh in 
| Tr is very evident that the erve diſtances of the Zeniths in that 
part of the Meridian which is next thePole of the Ecliptick, to 
wit,in the head of the Conſtellation Draeo, ſhall be to tte true di- 
ſtances of the ſaid Zeniths in that: part which is furtbeſt from 
the ſaid Po'e, to wit, near the conſtel/ation of Awrigs tn 'comſe- 
quentla, as the ſign of 75 degrees to the ſign of 14". 54', and 
che variation of the Zeniths, or the Angle of m__ here at 
Greſbam Colledge, to the Angle of Parallax in Iſelavd, or = 
other p'ace under the Po'e of the Ecliptick, or ger? Circ 
is, as the ſign of feventy five to the fign of ninety or the Reds ;- 
Ks, 
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we, This will be vary evident if we-congder inthe fecondl 


o_ x AB to repreſent the Diameter of the: great Orb: AC 
and -BD the; perpeudiculars! of Jeans , or, Fame other place 
Golledge in Draco; and. LA, MB the ptr pendiculars of the ſame 
place to the Solftitial Coluye near: 4ar7ge - the feveral di- 
ſtances CD, GH, IK, LM, will be as the figns of 90*75*| 66% 30/] 
14*.54'{; towit, a5.the Lines or Cords AB. AO. PB.Q B. 
_ I wight bave-made obſeryatinns of : the diſtances of the tran- 
fits of. our Zenith from aty' other Star as well as from this of 
Draco, and tbe fame;Phenamena might bave becn obſerved , a- 
king care toweke anc of che obſervations-when the Star ts an 
the Zenith atunidgight,. and the ather when the ſame Star 15 in 
the Zenich-atnoon or mid-day.z and upon this account when [ 
next gbſeprye,-;} defign ta obſerve the tranſtts of aur Zenith by 
Benenaim, qr the is. tima caughe nr fe majorts, it being a Star of 
the ſecond magnitude, and bavingalmoſt as much declinatiog 
as Greſham Colledge hath laticude. The principal .dayes of do- 
ing which will be about the 4 of Ypril, when our Zenith pat> 
ſeth by the ſaid Star at midnight ,, and 'the 7 of OdFeber, when 
it -paſſeth þy-it jt noon or giid-day ;; the reaſon of ajl which 
wilt beſyfficiently manifeſt to any ane that {hall well conſider 
the preceeding explanation. . "103" 
This Star I wogld the rather obſerve , becauſe as it is pla- 
ced fo as that the Parallax thereof will be almoſt as great gs 
of the Po'z of the Ecliptick in I{elaxs, or under the- Artich 
Circle, ſo it. being a. Star-of the ſecond ;magnitucle, and con: 
ſequeptly perhaps as near. again as One of 'the fourth , the An» 
gle 'of Parallax will be near about twiceasbig, and the Star je 
ſe:f nuchwore eafice to be ſeen in the -day time. This will be 
yery eafie to be underſtood , 'if we cqpſider in the firſt Scheme 
the differing difances of the Orb 4 B-C D, in which we way 
fuppoſe:the $tars of the ſecond magnitude 19 be fixt, and: of 
the Orb. «# *%l, in which We may ſuppole the Stars of the fourth 
gagnitude,' and a bd in which wemay ſuppoſe /thuſe-of the 
third magnitude, and A B C Din which weuay ſuppoſe thoſe 
of the firſt; for if the Stars are further and further removed 
from the Sun, according as they appear leſs and leſs to us, the 
parllaftical difierence tound: by obfervatian waſt ny 
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Vee 
The reaſons thenwhy I made choictbf this wa edep ebig Sg 
will be cafie to any one 7ehe ſhalt conſider tFar' iff 
avoid that grand inconvenience wherewith ' 2!! a and 
modern. obſervations have been perplext, and as tof Parallax 
iaſgnificant,and thats rhe'refra@iort of rFe Air or AtheAFhere 
How great an inconvenience that was is obvious, ſince *tis.cer- 
tainly wuch- greater” at one titne then ahcther , and river at 
any certainty; and ſecondly, *Tis nor c<qually proportionable, 
for ſometimes the refradion is greater ar ſme Tiflance above 
the Horizon, then mor nearer tothe Horizon 11 pl ſelf, and cr 
tithes the quite contrary, which ] Fave very 6 cfte at 5 
and this:to fo exorbitant agifftreyice;, as"ro & 
pOtherical Catculations of Tables for rfis yurpo IS a 
/ riſeth from: the uncertairf and ſudden entjatices ol the Air or 
Atmoſphere, either front hear and co!d, oe the ba git apd 
thinneſs: of Vapours , from the differing @pity 4 
fromthe winds, currttits, abd eddy 8 eb ak 
iog. got: ſo we'l underſtood by Hi it ay” in gr egiee, 
and at: what time they ork and operate updn-the Air, muſt 
needs wake the refraction thereof exceedingly perp!ext, ard ite 
reduction thereof to 2ny certain theory fit for pradtice,a thing 
almoſt impoſſible. Now if we are uncertain pak Ant of ite 
obſerved Angle is tobeaſcrited ro reftadzon, we are uncer- 
raii>of the whole obſervation as fir as the polible uncertainty. 
of refraQtion, Let we have bus the liberty of ſuppoſing the 
refraftion what I pleaſe,and of fixing the proportional decreaſe, 
thereof according to the various elevation of the Ra ayes above, 
the Horizon; I wil! with eaſe wake out all; the viſible Theng-- 
menaof the Univerſe, 'furr, Moon; and Stars, and, yet.vot ſyp-, 
poſe thew above a Diameter of the Earth diſfant. ,. Now inithis 
obſervation thete is no refraGion at all, and conſequertly te 
the Air thicker or thinner, heavier or Nghter, hotter or cold- 
er, be it in Summer or'Winter, jn tte Tight or tFe day, the 
ray cominuatl y paſa dir8ly, and is not at, af refrafies. and 
defle&ed from its-ſtreight paſſage. *Tn the . pext: place, by this 
way'of obſerving F avoid al! the diMcultiesthar attend the ma- 
king, mountivg, and wanaging of great Inſtruments : For 1 
have 
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| have no1 


ther part or Cir: $—py a Begree aro wot 5 nor nor have I 
need to take care of yer fubdi thereof,' nor 
of the Tubſtance whether -made of Iron, Braſs, Copper, or 


Wood , nor whether the parts thereof ſhrink or Gxell, or bend 
_ or warp, to all which the belt Inſtrumenis; hitherto wade uſe 
of, bave been ſome * wayes, or. other lyable, And notwith- 
ſtanding the vaſt care and expence of. the nob:e Tzhbg about the 
making, fixing, and uſing his great, laſtruments; yet I do nor 
find them ſo well ſecured edfron divers of theſe inconveniences, 
but that they were ly LO fa conſiderable ieregulari- 
ties, Nay, notwithſtanding.the ſeem much greater: cur1o- 
iy and expenſe of Urol + and his yarn labour and di- 
pence in Te mpleating and. ufing of. his vaſt - Apparatus of 
AS cal Inſtruments,” Ido no: find them ſo we!l ſecured , 
þut that ſowe of the cauſes of errors that I have before wer 
tioned, way have had a conſiderable effe& vpon them a'ſo; e- 
ſpecially" if they were ſuppoſed to meaſure-an Angle to ſome 
few Seconds , 2s 1 (hall hereaſter. perhaps have more occaſion 
to manifeſt.. "Now, if. thednadruwencs of Ticho and Hevelizs, 
(who Fad certainly two of the, maſt curious and magnificent 
Colle&ions of Aſtronomical Inſtrumencs that were ever yet 
got together or made uſe of) were ſubje& to theſe uncertain» 
ties, What ſhall we ſay of all.that other farrage of trumpery 
that hath been made uſe of by muſt others ? We ſee there- 
fore the neceſſity of the WALL AE of Phyſical and Philofo-. 
Raga with Mechanical and Experimental Knowledge , how 
me and imperfe& the ſtudy of Art duth often prove without 
the conjunQijon of the ſtudy of Nature, and upor. what ra- 
tional. grounds it was that Sir John Catler , the Patrom and 
Founder of this LeQu'e, proceeded in.j»y ning: the coptaopls- 
tion of them borh together, - _ | . vl 5 
The exc thing was the Inſtrument far the. wakieg: of this 
obſetration , ſucha ones ſhou'd no: bg lyable to-any. of tbe 
former EXceprions , nor. any Qiher_new-:ones tat were: conſis 
de'ab'e.'. To this ,Þtrpaſe,]. pitched upons. Teleſcape;-the | 
largeft 1-coulg ger and.uake uſe, of, which: defigned>ſo to: 
fix c priph, as't ar foo ingdiretily upwards, I could 'be'a+ 
ble certa'h'y es obſerve the tranſits of any Stars over or near 


the 


A LE 

the Zenith, and furniſhing it with p iculars and a con- 
venient dividing Inſtrument, I ſhould be able not only to 
know exactly when the Star came to croſs the Meridian , but 
alfo how far it crofſed it from the Center or Zenith point of 
Greſham Colleage, either towards the North, or towards the 
South. All which Particulars, how I performed, I ſhall! now 
in order deſcribe, and this ſomewhat the more diſtinely , 
that ſuch as have a deſire to do the like , may be the more rea- 
dy and better inabled to proceed with the ſame. 

Firſt then (finding a Tube would he very troubleſome to the 
Rooms through which ic paſt, eſpecially if it were p'aced 
pretty far in the Room, and that one wanted ſo free an acceſs 
as was neceflary if it were planted nigh the wall, and that 
there was no abſolute neceſſity of ſuch an intermediate Tube, 
ſuppoling there were a cell to dire& the eye fixt tothe Eye 
Glaſs, and that there were ſome ſhort cell to carry the Obje& 
Glaſs mart the top , ſoas to keep it ſteady , when raiſed upward 
or let downwards, the light in the intermediate Rooms not at 
all hindring, but rather proving of good uſe to this purpoſe 
for ſeeing the Menſurator) I opened a paſſage of about 
a foot fquare through the roof of my lodgings ( ſee the Fourth 
Figare) and therein fixt a Tube a a perpendicular and upright, 
of about ten or twelve foot in length, and a foot ſquare, ſoas 
that th&lower end thereof came through the Ceiling, and was 
open into the Chamber underneath : This Tube I covered with 
a lid at the top'q, houſed ſo as to throw off the rain, and ſp 
contrived,as I could eafily open or ſhut it by a ſwall ſtringno p, 
which came down through the Tube to the place where I ob- 
ſerved. Within this perpendicular Tube a a, I made ano- 
ther ſmall ſquare Tube Þ Þ, fit ſo as to ſlide upwards and dowr.- 
wards, as there was occaſion, and by the help of a skrew to be 
faxt in any place that was neceſſary : Within this Tube ina con- 
venient cell c, was fixt the Obje& Glaſs of the Teleſcope (that 
which I made uſe of was thirty fix foot in length, having none 
longer by me, but one of ſixty foot, and ſo too long to be made 
uſe of 1n wy Rooms ) the manner of fixing which was this: Tte 
Glaſs it ſelf was fixed into a cell or frame of Braſs, ſo exaaly 
fitted toit, that it went in ſtiff; and to fill up all the Inter- 
ſtitia's, there was meited in hard Cement ; this cell had a 
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ſivall barr that: croſſed under the center of- the Glaſs, or the a» 
perture thereof z in which barr weredrilld two ſmall holes as 
equal diſtance from the middle of the Glaſs, . thro: gb whichthe 
upper ends of the two perpendiculars d d-were- faſtned.z and 
in the fixing this brafs ce!lor frame Jjotq. the (quare Tube that 
was to flide up and down, care was taken ts make the barr” lye 
as exaQly, North and South as could be, though that were. noe 
altogether ſo abſotutely neceſſary. to this obſervation, Theſe 
perpendicutars d & faftned to the barr hung36, toat, agd; better 
in length ,..and had at the lower erids of them.twoe balls of lead 
ee as big as the Silks conld bear , by which the loweſt parts of 
this Inſtrument. were adjuſted ,' as I ſhall by and by explain. 
But firſt, F muft acquaint the Reader,that I opened a fo perpen- 
dicularly under this Tube a. hole rr a foot iquare 1n the floor 
below , which with ſhutters could þe cloſed or opened. up+ 
on occaſion ;*Þy this means I bad a-perpendicular Well-hote of 
about forty foot topp, froin' the top of a. to the lower floor 85, 
Upon the ſecand floor $5 I fixed the frame that carried the, Eye- 
glaſs' and the other Apparatus fit.to make this obſervation. [ 
made then a Stool or Table, ſuch as is deſcribed. in the, ſame 
Fourth Figwre i hhi, having a hole through the top. og cover 
thereof h h, of about nine inches over ; the middle of which 1 
placed-as near as I could perpendicularly under the middle of 
the ObjeR Glaſs in the cell above, and then nailed the frame faſt 
to the floor by the brackets i i, that it could not ſtix ; under- 
neath the cover of this Table I made a. ſlider gg, in 
which was fixed in a cell an eye Glafs-f, fo as that I cou'd 
through the eye Glafs moved to. and fro, ſee any part. of the 
hole in the Table that I acfired , without ſtirring the ſtool from 
its fixtnefs. This was nece{Tary, becauſe many Stars which were 
forerunners of this Star in Draco, and ſerved as warning to 
prepare for the approaching S:ar, went pretty wide from the 
parallel that paſſed over our Zenith; by this means alſo I took 
notice of the Star it ſelf, at above half a degree diſtance from 
the Zenith to the Eaſt. and fo followed the motion of it with 
my eye Glaſs, and alſo with wy meaſuring Clew, and at the 
ſame time told the Seconds beat by a Pendulum Clock , and fo 
was very well prepared to take notice of all things neceſſary to 
compleat the obſervation, but might have been otherwiſe ſur- 
| priſed 
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-priſed by the” faddain approach and. ſwift motion, of -the ſaid 
Star, '' Thermetfaring Inſtrument or Mepſurator was a round 
thinplate or circle of Braſs, delineated in the Seventh Figure, 
the aperture ab of which was about nine inches over, crofled 
in the middle by two very ſwall hairs a b and c d,which ſerved 
to ſhew the Zenith point at &, by which the Star was 40 pals; 
there werealſo two other ſwall hairs f.g and. i b\drawn parallel 
ro that which wasTto repreſent the kaſt agd Welt line, thac. paſt 
under our Zenith, theſe curihe Clue that repreſented "the Me- 
ridian, or North and South Line at the places k and1, where 
the perpendicufar paigts were wade by the. two long pluwb 
lines: This InffrumenT was produced on the fide a.to n, ne 
being made fifteen! times the length of em, ,ſa.that e mw beivg 
one" inchand two thirds, © n was twenty five inches: at n_the 
line n e wascroft hy a rule of about 35 foot long o p, which 
from the point n was divided cach way into inches and Parts, 
each inch being ſubdivided into thirty parts, which, ferved to 
determine, though not preciſely, the Seconds an-the line: c,d', 
for @ minute of a depree to a thirty ſix foot; Glaſs, being. very 
near one eighth part of an inch, and this cighth part, by the 
helpof the Diagona!, being extended to twa whole inches upon 
rhe three foot Rule o p, it became very eafie to divide a part 
of cd, which ſubtended a minute into ſixty parts, and conſe- 
quently to ſubdivide it into Seconds. Now ſhough the ſixti- 
eth'part of an eighth of an inch be very hardly diſtipgniſhable 
by the naked eye , yet by the he!p of looking through the Eye- 
glaſs placed in the cell, and ſo magnifying the Objects at the 
Menſurator more then ſixteen times , *tis eafie enough to giltin- 
puiſh it. But to proceed, I had one ſmall arm mt inthe Men- 
ſarator, to which the Diagonal thred was faftned at the poine 
m, which rved for the more nice ſubdiviſions into Seconds ; 
The other Diagora! thred which was faſtned at u, ſerved for 
ſuch obſervations where ſo great” niceneſs was not ſo neceſlary, 
diſtinguiſhing only every four Seconds. The points where theſe 
Diagonal: threds were faſtned , were exaGly over the-line a by 
and the diſtances 'e m and e u were an inchand two- thirds, and 
five inches. | 
There is ſomewhat of niceneſs requiſite to the fixing theſe 
Diagonal threads (which is very waterial) atmandu , and that 
D 2 is 
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15 that there be a ſwall\ſpringing lit to, pinch the hair faſt ex- 
aAly over the line ab , ſo that the point of its motion way be 
preciſely in the ſaid Eaſt and Weſt line, and not ſomerimes in 

it, and ſometimes out of ir, which it 1s aptto be, if the Di 

nal line be fixtin a hole, and move round in it. | 
This was the Menſurator by- which I meaſured the exaQ} di- 
ſtance of the Stars from our Zenith : it way be alſo made uſe of 
for the meaſuring the Diameters of the PJanets;for the examining 
the exa& diſtances of themTrom any near approaching fixtStars; 
for meaſuring the diſtances of the Satellites of Jupiter and Sa- 
turn from their diſcks, for taking the diameters and magnitudes 
of the ſpots of the Moon, and for takMF the diſtances of ap- 
proaching Stars, and for many other menſurations made by Te- 
leſcopes or Microſcopes, if it be ſo placed as to be in the fo- 
cus of the Obje& Glaſs and Eye Glaſs, I could here deſcribe 
at leaſt thirty other ſorts , ſome by the help. of ſcrews, others 
by the help of wedges, ſome after the way of proportionalCom- 
paſſes,others by wheels, others by the way of the Leaver, others 
by the way of Pullies, and the like ; any one of which is accu- 
rate enough to dividean inch into 100, 1000, 19000 parts if 
. It be neceſſary ; bur I muſt here omit them, they being more 
proper in another place, and ſhall only name one other, becauſe 
T fometimes tnade uſe of it in this obſervation, which is as ſim- 
ple and plain as this I have deſcribed, and altogether as accu- 
rate; but for ſome accidental circumſtances in the place where 
I made wy obſervation, was not altoget her ſo convenient as the 
former. This Menſurator then is made thus : take a Rule of 
what length it ſeems moſt convenient for the preſent occaſion , 
as two, three, or four foot long, repreſented by ab in the 
Eighth Frgure,divide this into 100, 1000, 10000 equal parts, 
with what accurateneſs 'tis poſſible,between the points a b. On 
the top of this Rule, at each end fix two croſs pieces gh 
and e f, then from the two croſs pieces ef andg h, ſtrain two 
very fine and even clues, as Silkworms clues, curious ſmall 
latrs, or the like, ſo as that they croſs each other at n, and be 
diftant at o and p, an inch, or any other certain meaſure deſi- 
red, Let this Rule,bezelled on each fide, ſlip in a frame be- 
tween two cheeks qandr, upon the topof which ſtrein ano- 
ther ſinal! hir as s t. This frame muſt be faſtned to the Te- 
leſcope, 
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leſcope, ſo as st may lye inadue poſition tothe Eye Glaſs of 
ic, Now inthe time of obſervation the frame q r being faſt- 
ned-ro' the Teleſcope as above, by ſliding the Rule ab to 
and fro, you give upon the line st any length defired, which 
iS noted out by. the line s t upon the rule ; for if © p be 
put one inch, then Xx y will be £* of an inch, and if o p be 
the fubtenſe of ro minutes, then x y will be the ſubtenſe of 
4194 3-this is fo plain, ſimple, and eaſie, that as any ordi- 
nary Workman will be able to make it, ſo I doubt nor but e- 
very Reader will , without more application, underſtand both 
the deſcription and uſe thereof. I ſhall return therefore to the 
deſcription of the former Menſurator, 

The next thing then 15 the way of fixing this Menſurator , fo 
as fo ſet the threads in their due poſture , that is Eaſt and Welt, 
and North and South , and that they cut each other under the 
middle of the Glaſs. This laſt was that which had the moſt of dif- 
ficulty in the whole Experiment. For the performing of this, [ 
removed the flider underneath the Table that carried the Eye 
Glaſs, and alſo the Menſurator, and ſuffered the plumb lines to 
bang down through the aperture of the Tabie, and that the Bal:s 
might come'the ſooner to their perpendicularity, I ſuffered 
them to hang into a veſſel of water , deep and wide enough, 
that they might not touch either ſide or bottom. 

This expedient of hanging the plumbers in water I mentioy, 
becauſe withour it 'tis not to be imagined how much time is 
loſt by expeRation of the ſettlement of the ſaid perpendicu- 
lars, and how very apt they are to be wade to vibrate by the 
little imperceptible motion of the Air, and by any ſmall hair 
or | other impediment how apt to be put out of their perpen- 
dicularity ; which by the way makes me very fearful that all 
common Inſtruments have hitherto been lyable to very great 
errors, by the unaccurate hanging of their plumb lines, being 
made for the moſt part to hang and play againſt the fide of the 
Inſtrument, By this means they would ſoon come to hang per- 
pendicularly, and be fo detained when in that poſture ;. nor 
being apt co be ſtirred by the motion of the Air, or their own 
ſwing; and whilſt thus ſteady , I fixed two ſinall arms of Bref , 
ſuchas are deſcribed in the Seventh Figure by zz , z z, which 
had ſmall holes at the extreams, with a ſmall flir 07 the fide to 
admit 
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.Adinit or emit the plumb 'ine as there was eccaſion.z one of theſe 
is wore at [arge deſcribed in the Sixth Figare. Now tbe plumb 
line being let into the middle of this, | did with all theaocurate= 
neſs I couid ſo fix the ſaid arm, that the plumb line patt exact- 
iy through the middle of the hole y. When | was ſufficiently ta- 
tisfied that the plumb line paſt exaly through 'the middle. of 
the trying arms, I fixed thoſe arms 2 z,'z z, and removed the 
plumb lines, then I laid the Menſurator | 1 an the Fourth #4- 
gure, upon the ſurface of the Table, and took great care'thar 
the croſſes k and | in the Seventh Figare, lay exaGily under the 
middieof the holes in the arms, which having done by 'the 
help of certain ſcrews, I fixt the Menſurator faſtto the Table, 
and prepared for the obſervations, putting in the flider g g 
in the Fourth Fizere, that carried thecell f, and lying down 
upon a Couch (k of the Fourth Figure) made purpoſely for 
this obſervation, I could look diredily upward, and with my 
lefc hand move the Cell and Eye Glaſs ſo as to find any Star 
which paſſed within the hole of che Table, and at the ſame time 
with my right hand I could move the Diagonal thread (r mot 
the Seventh Figure) ſo as to findexaRly how far diſtant from 
the Zenith e, cithes Northwards or Southwards,the Stars paſt 
the Meridian d c, and givingnotice to my Aſſiſtance to. prepare, 
he upon the gn given took notice exafily by a Pendulum Clock 
£0 the parts of a Second when the ſaid Scars paſt, andalſo' took 
notice what diviſion the Diagonal thread. m r cut upon; the 
Rule o p. | 

With all theſe difficulties I was forced to adjuſt the In- 
ſtrument every obſervation I made, both before and after it was 
wade, which bath often made me wiſh that I were near ſome 
great and ſolid Tower , -or ſome great Rock or deep well, that 

C2 I might fix all thingsat once, and not be troubled continu- 

ally thus to adjuſt the parts of the ſaid Inſtrament ; for who- 

ever hath that opportunity will, I queſtion nor, eſpecially: if 
the lines of his Menſurator be made of the fingle clues of a Silk- 
worm, with much caſe diſcover plainly a change. of the diſtance 
of Stars of the greater wagnitude from the Zenith,:in'a much 
ſhorter time then fix moneths. "This variation alfo will be 
much more eafie to be diſcovered , if inſtead of a thirty for 
foot Glaſs, there be made ufe of one of four times that 


length, 
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length, to wit, one of one hundred fourty four footy and if” 
inſtead of a Tower ſome deep and dry Well be made uſe of, fuch 
as. have ſeen at a Gentlewans houſe not far from Banffed Down: * 

in Sar, which is dugg throngha body of chalk, and is rear 
three hundred and fixty foot deep, and yer dry almoſt to the 
very bottom: Forſucha one is much leſs ſubje& ro any kind 
of aitezation , either from the ſertling rowards this or thar fide, 
which moſt Towers and high Buildings , whether new or old, 
are lyable to: This alfo is ſafe frow bending and ſhaking with 
the wind,” which 1 find the Houfes, Towers, and 
Walls, it of any conſiderable height, are apt to do, nor 
would the wind have any power to ſwerve the perpen:-iculare, 
which 'tis almoſt impoſſible ro prevent in high Butldings a- 
bove ground. But this I can only with it were perfo red, 
but cannot hope to have any opportunity of Poing it my ſelf. 
But. certainly the diſcovery of the obſervation will abundantly 
recompenſ(e thoſe that have the curiofity to make 1t. 

Having thus refolved upon the way, and prepared the In- 
ſtruments fit for the ob{ervation, I began to vbferve the Tran- 
fics of the bright Star in the head of Draco; and alwayes both 
before and after the obſervation, 1 adjuſted the Menſurator by 
the Perpendiculars, that I might be the more certain of the 
exaaneſs of the Inftrument ; for 1] often found that when I came 
ro examine the Inſtrument, a day, or two, or three, or more, 
after a former obſervation , that there had keen wrovugtt a 
conſiderable change in the Perpendiculars ; in ſo much as to 
vary above a minute from the place where [ left them, which I 
aſcribe chiefly to the warping of the Tube that roſe above the 
roof of the Houſe, finding fenfibly that a warm day wou'd 
bend it comiderably towards the South , and that a moiſt Air 
would make it bend from the quarter of the wind : But yer [ 
am apt to think there might be ſomewhat a'ſo of that variation 
aſcribable tothe whole Fabrick of the Root , and potlib'y alſo 
ta ſome variationof the Floors ; but yet I never fund theſe 
variations ſo ſudden, as to be perceptible i the time of a ſing: 
obſervation, finding alwayes the preceding and ſubteque n: 
adjuſtings to anſwer. 

The firſt obfervation I wade was the Sixth of 7s, 1669. 


when I obſerved the bright Star of Draco to paſs the Merid an 
Norch wards 
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vandigrte of the Zenith point of the Menſurator , at about 
two Minutes and twelve Seconds. 

The ſecond obſervation I made was upon the Ninth of Fuly 
following, when I found it to paſs to the Northwards of the ſaid 
Zenith or croſs of the Menſurator , near about the ſame place , 
not ſenſibly differing. 

The third obſervation I made upon the Sixth of 4 fol- 
lowing; then I obſerved its tranſitus North of the aforeſaid 
Zenith, to be about two Minutes and fix Seconds. 

The laſt obſervation I made upon the One and twentieth of 
OX#ober following ,, when I obſervedit to paſs to the Northof 
the Zenith, at one Minute and about 45 or $o Seconds. 

Inconvenient weather and great indiſpoſition in my health, 
hindred me from proceeding any further with the obſervation 
that time, which hath been no ſmall rrouble tro me, having an 
extraordinary defire to have made other obſervations with much 
more accurateneſs then I was able ro make theſe , having fince 
found ſeveral inconveniencies in my Inſtruments , which I have 

now regulated. 

Whether this Zenith ſo found out upon the Menſurator , be 
the true Zenith of Greſbam Colleage, is not in this Inquiry very 
material (though thar alſo I d Toned to examine, had not an 
unbappy accident broken my Objed Glaſs before Tcould com- 
p'cat the obſervation) for whether it were, or were not, it is 
ceriain that it alwayes had the ſame pofition to the true Zenith : 
the Obj=t Glaſs.-and Perpenaiculars having not been in all that 
time removed out of the Cell, whence if the ſaid Objea Glaſs 

were thicker upon one ſide then upon the other (which is very 
common and very ſeldome otherwiſe) and conſequently defle- 
Ged the ray towards the thicker fide, and ſo made the Perpendi- 
cular of the Merſurator to |ye on that fide of the true Perpen- 
dicu'ar, that the thicker fide of the Object Glaſs reſpected, yet 
it being alwayes ſo if the tranfitus of the Star varied from this 
falſe Perpendicular, it muſt alſo vary from the trueone. The 
manner how I deſigned to examine and find out the true Perpen- 
dicular, 1s this, which is the way alſo of adjuſting of Teleſcopi- 
cal ſights, as [ ſhall after ards have occaſion to ſhew. Having 
marked the four fides of the Glaſs, the North with N, the Eaſt 
with E, the South withS, and the Weſt with W, abour the firſt 
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of Tops | beginto obſerve and meaſure the true diſtanceof ſore 
remar fixt Scar, as of this of Draco from the Zenith 'found 
one night when the fide N of che Glaſs ſtood North: Then I change 
the ſide of the Obje&t Glaſs ; and pur the North fade South- 
wards, and the South, Northwards, and obſerve the Tranfitus 
of the ſame Star the next nighe, and note down the ſame ; the 
third night following I put the Eaſt fide or E North,and obſerve 
the tranſit of the ſame Star over the Meridian ; and the fourth 
night I put the Weſt fide or W North, and obſerve the tranſit of 
the ſaid Star. Now by comparing all theſe together, it will be 
very eafie to deduce what the falſe ref.aQtion of the Objed Glaſs 
is, and which way it lyes, and conſequently to regulate the ap» 
parent Zenith by the true one. But this only by the by. 

'Tis manifeſt then by the obſervations of Fuly the Sixth and 
Ninth: and that of the Ore and twentieth of OdFober, that there 
is a ſenſible parailax of the EarchsOrb to the fixt Star in the head 
of Draco, and conſequently a confirmation of the Copernicen Sy- 
ſtem againſt the Prolomaick and Tichonick, 

Before I leave this Diſcourſe , 1 muſt not forget to take notice 
of ſome things which are very remarkable in the laſt obſervation 
made upon the 21 of OFober. And thoſe were theſe. Firlt, that 
about 1 7 minutes after three a-clock the ſame Jay, the un being 
then a good way above the Horizon, and ſhining very clear iniv 
the Room where I lay to obſcrve, and having nothing to icreen 
off the rayes of light, eicher inthe Rom where I was, or in the 
next Room through which I locked, | obſerved the bright Star 
in the Dragons head to paſs by the Zenith as diſtindly and cliar- 
ly as if theSun had been ſer, though I muſt confeſs it Fad loſt much 
of the glaring brightneſs and magnitude it was wont to have in 
the night, and its concomitants were vaniſht : The like I found 
it divers other dayes before, when I obſerved it, the Sun ſhining 
very c'eer into both the aforeſaid Rooms , which by the way [ 
ſuppoſe was the firſt time that the fixt Stars were ſeen when the 
Sua ſhin'd very bright, without any obſcuring of its light by E- 
clipſe or otherwiſe, And though we have a great tradition that 
the Stars may be (een with the naked eye out, of a very deep Well 
or Mine in the day, yet I judge it wpoſſble, and to Fave been a 
meer fiction, without any ground: Far the being p/aced at the bot- 
tom of a Well doth not at all take away the light of the Atmo- 
ſphere from affeGing the eye in and near theAxis of ys 
E indeed 
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indeed the ſides thereof may much take off the lateral rayes; but 
anleſs the radiation of the falſe rayes of the Srar be brighter thett 
that of the Air, 'the true rayes from the body are ſo very ſwall, 
that tis impoſſible the naked eye ſhould ever be affeed by 
them, For in the ſecond place, by this obſervation of the Star in 
the day time when the Sun ſhined, with my 36 foot Glafs I found 
the body of the Star ſo very ſmall , that it was but ſome” few 
thirds in Diameter,all the ſpurious rayes that do beard it in the 
night being cleerly ſhaved away,and thenaked body thereof left 
a very ſinall white point, 

The ſmalneſs of this body thus diſcovered does very 
fully anſwer a grand objeQion aliedged by divers of the 
great Anti-copernicans with great vehemency and infiilting 3 
awongit which we way reckon Rzcctoles and Tarquet , who 
would fain make the apparent Diameters of the Stars ſo big, 
as that the body of the Star ſhould contain the great Orb many 
tunes, which would indeed ſwe'l the Stars to a magnitude valtiy 
bigger then the Sun, thereby hoping to make it ſeem fo impro- 
bable, as to be rejeGed by all partics. But they that ſhall by this 
means examine the Diameter of the fixt Stars, will find them fo 
very ſinall,that according to theſe dillances and Para'lax they will 
not much differ in magnitude from the body of the Sun, ſome of 
them proving bigger, bur others p:oving leſs ; for the Diameter 
of the parallaQica! Circ'e among the fixt Stars, ſeems to exceed 
the Diameter of the S'ar a'moſt as munch is the Diameter 
of the annual Orb of the Farth doth that of the Sun, 
And poſſibly longer and better Teleſcopes will yet much dimi- 
niſh the apparent bulk of the Stars by bringing fewer fa!ſe rayes 
to the eye that are the occaſion of the glaring and magnifying of 
the ſaid bodies. I: may for the prefent ſuffice to ſhew that even 
with this Glaſs we find the Diameter of this Star conſiderably 
ſwaller then a Second , and the Para'lax we judpe tay be about 
27 or 3o Seconds. It will not therefore te difficult ro find many 
S-ars whoſe Diameters ſha'] be leſs then a two hundredth part of 
this Parallax, as pofiib'y upon mote accurate obſervation this 
very Sar may be found tobe, Now we find that the Diameter 
of the Orb of the Earth is but two hundred times tipger then the 
Diameter of the Sun in'the Center thereof; and therefore if the 
paralla@ical difference be found to be two hundred times more 
then the viſible Diameter of the Star, the Star will prove but of 
the fame magnitude with the Sun, This 
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-- This ry of the poſſibility.and facility of ſeeing the 
_—_ when-the Sun ſhines;/-as I think it is the 
firſt inftoncethive hath been given of this kind, ſo Þ judge it will be 


ofgreat-uſe for theperfeGing Aſtronomy 3 as firſt, 
for the re&ifying the true cos te che Sun in the Eclipticl at 
any time of the year ;for _— this\means ts eahie'to find any 
Star of the feſt; Teeond, oribird at any' time of the 
day, if it be above the Horizon, a Bot” to0 near the body of 
the Sun: And fince by a'way [ that ſhortly publiſh any Angle to 
aSemicircle in the Heavens, may be taken to theexacneſs of a 
Second by one ſingle obſervator : It will not be diffeule for fu- 
rure Obſervators to redife the 'apparent place of the Sun a- 
the fit Stars to a Stead, or wery- near, which" is'one 
hundred times greater accovatenefs, then has hirhe$tt been ar- 
tained by the beſt Aſtronowers. The like-uſe there wry Be wace 
of it for obſerving any notable appulſeof the 2.4, 8, and?, 
ro-any notable fixc Star that ſhall happen in the day cimiepwbich 
may ſerve for difcovering'thtir true phces and pare12xe*. The 
Refradtions alſo of the Air'intheday tire way by ee Tens be 
experimentally dereded, 

[ ſhould have here deferibed foue C vt ad Tine. WELD 
of preat uſe, nay abſolute neceſſity in theſe and many other A- 
fronomical obſervations, bur that I reſerve them "for ſome ac- 
temprts that are hereafter wo follow,  abour the various wayes” 
have tryed, not without good ſucceſs of 4wprovimgClocks and 
Watches, and adapting theny for variouFuſes, as for #eenratifigy 
Aſtronomy, compleating the Tables of the fixt Stars to-Seconds, 
diſcovery of Longitude, regulating Navigation and Geography, 
deteQtng the proprieties and effe&s of morions for promoting 
ſecret and wife conveyance and correſpondence, and' many o- 
ther confiderable ſerntiniesof nature: And fha?l only for the 
preſent hmt that have in ſome of ny foregoing otſervations 
diſcovered fome new Motions even in the Earth it ſelf, which 
perhaps were not dreamt of before,which [ ſhall hereafter more 
at large deſcribe, when further tryais have more fuliy confirmed 
and cowpleated theſe beginings. At which time alſo] ſhal! explain 
" a Syſtem of the World differing in many particulars from any yer 
known , anſwering inall things to the common Rules of Mecha- - 
nical Motions : This depends up5n three Suppofitions. Firſt, 
That all Celeſtial Boghes W hatſocver, havean attraQioh or gra- 
"OP" _ virating 
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*vitating Power (Owarclygher on Centers, whereby they arcract 


.not on'g;cheir Own pdtts,. and; keep:chem. from flying from 
rhew, as we nay obſerve the Earth todo, bur chat-they do alſo 
atrraR al! che 0:her Coeleſtial Bodies that are within the ſphere 
of their aQivity ; and conſequently that not only the Sun and 
Moon have an influence upon thebody and mation of the Earth, 
.and the Earth upon them, but that Þ alſo. +d>b»and # by their 
attractive powers, have a conſiderableinfluence yx on its motion 
as in the ſane manner the correſponding attradive power of the 
Eacth hath a conſiderable influence upon every one of their mo- 
tionSalſo. The ſecond ſuppoſition is this, That all bodies what- 
ſoever that are pyt into adire&and ſynple motion, will fo con- 
rinue tq move forward in a ſtreight line, till they are: by ſome 0- 
ther efiecual powers deflected aad bent into a Motion, deſcri- 

bing a Circle, Ellipſis, or ſome other more compounded Curve 
Line. © The third ſuppoſition is, That theſe atcradtive powers 
are ſo much the more powerful in operating, by how much the 
nearer the body wrought. upon is to:their own, Cencers, Now 

what theſe ſeveral degrees are. I have not yet experimentally ve- 

rified ; but it is a notion, which if fully proſecuted as it ought 

to be,. will mightily aſſiſt the Aſtronomer to reduce all the Cc- 

leſtialMotions to a certain rule,which I doubt will never be done 

true without it... He that underſtands the nature of che Circular 

Pendulum and Circular Motion, will eaſily uaderſtand the whole 
ground of this Principle, and will know where to find direGi- 

on in Nature for the true ſtating thereof., This I only hint at pres 

ſent to ſuch as have abil:ty and opportunity of proſecuting this 

Inquiry, and are not wanting, of Induſtry; for obſerving. and 
calculating, wiſhing heartily ſuch way be found, having wy ſelf 
wany other things in hand which: 1, would: far {t compleat ,. and. 
therefore cannart (o wellattend ic. But this. durſt prone the 
Undertaker, that be will find all the great Motions. of ;,the World 

to be influenced by this Princip'e,and that the true underſtand- 
ing thereof will be the true perfection of Aſtronomy, 
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— E Reaſon of the preſent Animadv erfions. pape 1 * 
& Hevelius has proceeded. That his A roy 
ments do nat wuch exceed Ticho. The bigneſs, Sights and Dt- 
viſions, not conſiderably differing, Ticho net ionorant of bis 
new Way yo Druifus. P+2. 
Provea by ſeveral paſſages out of his ns P.3,4+ 
That fo great curioſity 4s Hevelius ftrives for is needleſs with- 
out the uſe f Tele ſcopical Sights, the fore {4 the naked eye being 


limized. That no one part of an Inſtrument ſhould be more poſe 
then another. 

Hevel ius his Letter of 1665. with bis opinion of T eleſcupica 
Sights. P.5,6, 


"That if Hevelius could have been prevail'd on by the Author to 
have uſed Teleſcope Sights, his Obſervations might have been go 
times more exadt then they are, P 6,7. 

That Hevelius his Objeit ions againſt Teleſcope Sights are of no 
validity; but that Sights without Teleſcopes cannot nhl 4 
leſs Angle then half a Minute. 

That .an Inſt wed of 3 foot Radins with Teleſcopes, wil 4 
wore then one 3 ſcore foot Radius with common Sights, the eye © 
being unable to diſtingwjh. This is proved by tbe undrſcernable- 
neſs ref | at in the Moon, and by an Experiment with Lines on « 
paper, by which a Standard is maae of the power of the eye. p.$. 

That 7 had been much to be wiſht that Ticho and Heve'ius 
has, and. that Obſervators for the future would, well confider 


ehis. ” P.9. 
| a 2 | That 
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The Contents. 


That dltitudes of the Sun and ſame of the Moon may have been 
 baken to greater Arm} but fill of what may be done 
with Teleſcopes. | . 5-08 _ ibid, 
The Author's Engagement for deſcribing an Inſtrument more 
perfelt in 7 particulars. Ne P10. 
A more particular Examination of Hevelius his Inſtraments, 
and firſt of bis firſt Inflrument,bting « braſs 2 ucdrant. Hevelius 
having 4 very great averſion to Glaſs- Sights uſed common. p.11, 
Tookgreat pains in the dividing it himſelf. P12. 
Of which he might have ſparea almeſt = , if he had knows ei- 
ther the firſt way of {na Drviſions, deſeribed inP.12,13. 0r 
the ſecond way deſcribed and exemplified. P.14,15. 
ome inconveniences in the Contrivances about his firſt In- 
rument. | P-16, 
A Deſeription of his ſecond, third, fourth, fifth, and ſixth }n- 
ſiruments, and ſome of their conveniences and incomventences 
noted. P« 16,17. 
Hevelius wholly rejefFing al woodder Inſtruments, made bet- 
ter of Eraſs and Iron. P.18. 
That notwithſtanding there may be a good uſe made of Wood for 
the material of Inſtruments. Proved by the Experiment of an 
Inſtr um: nt made long fince by Sr. Ch, Wren. ibid. 
Hevelius his Reaſon for rejetting the uſe of wood- Inſtruments, 
pot without ſome exceptions. *, P.19. 
Animaaverſins on the Deſcription of three ſmaller metalline 
Izſiruments, one of 24, 4 ſecond of 18, and 4thirdof 12 inches, 
and particularly about the new way of Diviſion, which be aſeribes 
zo BenediGus Hedreus. P.20, 
That Hevelius was miſtakes in ſuppoſing Hedreus bis way more 
capable of Demonſtration then Ticho's by Diagonals, p.2r, 
Ticho Brahe's Calculation of the quantity of 1ngles, made by 
Diagonals and equidiſtaxt parallel Circles. P 21,22. 
*Tis ſtrange that Ticho and Hevelius ſhould wot think of pat- 
tng.the parallel Circles at wnequal Diſtances. . ibid, 
[Tow to calculate, and what thoſe unequal Diſtinces are. p.23. 
Dr. Wallis bi Letter to Hevelius «bout the ſame Subjetf, 
wherein that Dorine is largely and fully handled.p.27 24,25,26 
The Diagonal Diviſions more eaſie to be ſeen th+n thif# of He- 
dreus or Nonnius. Tichbo's Deſcription of Nounius his way of 
. Diviſion. p 27. Hevclius 
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aFiceble feuluxing the the ſmall Diviſions. P.29. 
hf This Uedrons www wei ec fir een drm Dre 
but Pierre: Vernier was 


-- A (econd, third, and fourth QObleFion azainſt this w Di- 
mich "dr awn' fromasfuppoſed unequal poiſc-of the Fee 
cau cd by its unequal make or duſt, or from the ” 
anging it either on a ſmaller or bigger Pin or Hal ibid, 
Hevehns hisdwvention for, ſieadying the © uadrant ingenious, 
but theconvertible Frame mare eaſpe januſe. * - P+3T> 
Some Remarks in the Deſcription of biz large braff Yudarant, 
wherewith be took many Meridian Altitudes of the, Sun. ibid. 
4 new way hinted for making « Table of the fixed Stars, and 
regulating thei places, by the help of 4 Mural © nadrant, ſome 


parts whereof are deſerihed a4 the way of Dividing, and of the 
Sights, and of poyſing the Tube and Obſeryator, = of keeping 
the Tabe from bending, &c. P-32433» 
Some Difficulties therein now obviated, aud ſome Objedtions 
anſwer'd ibid, 
That this Subjei? deſerves to \ be better enquired inte, and to 
be promoted by ſome Prince. | DJ 4. 


Some {nimadyer ſuns on the Deſcription of Hevelivs bis large 
OD uadyant of Braff. That the RD is good in its hind, but 
yet far ſhort of what it might have been, if Clſſes had been uſed 
for the Sights. .: ibid, 

How very. ſmall Secofids are even upon large Inſtruments, and 
how axcertain the Penumbra of the Sua's light is,. contrary to the 


eneral Pri Optical Writers, fa ſometimes 
Sacadols fgets tothe ſmaineſs pas fe bigne ſs of ek 
> xn which it is trajeched. | 
;fty of this Inſtrument further expreſt by Hevelins 
in the nar of it's parts ant Contrivances, tn the proper Tor- 
ret for it, in the make andgreat uſe of Screws, for moving, fix- 


ing and dividing the Ynadrant. P. 36, 
Some Objections and Emendations propmunded, and 8 Concln- 
ſoon on the whole Inſtrument and Apparatus. P.36.37. 


Some Animadverſions on the. + Sextant, aud the way of 
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ofinfit, and" 5 the teſicute JET of "rp 
ores ab nents Sow, And 6 ay promiſed ang te 
-with' more raſe 
ering difficulty and even impoſſvility of raking g Fc 
Pls Ek. ooh without (ailing one Second, and the 
reaſon why "tis more likely thas There conla not be a greater certaen- 
ty themof 4 Minates is the whyle, ibid. 
Hevetins his Letter comcevning my Animadver os, 4nd aboat 
\Teleſecpical Sights. P-39,40,41, 


. An Anſwer tott. P-44,4 2,4 3+ 
A Conctufion of the Animadver That the learw'd Warld 


ts oblig'd to Hevelius for what be hath done, but wewld have beey 
More, if he had uſed other | ents, © Ng aa 
That the Animadvertor hath comrived ſore hundreds of In- 
ftruments, each of very great accuratemeſs for taking Angles, Le- 
vels, &c. and a perticular Arithmeticel lnftrument for perfarne- 
ing all Operations in Arithmetick, with the greaceff eaſe, _ 


meſs ani certainty imaginable. P-44,45. 
That the Reader may be the more certain of this, the rt 


deſcribes an Inſtrument for taking Ingles inthe Heavens, whoſe 
perfeit ion more them common 2m Fae In the manifeſting of the 
Sights. 2. Inthe Diviſons. 3, dens refle rue conſtruction 
of the Sights. 4. In its exat# Perpenaienlariey... (4. Indits kw; 
ation and motion fit for Obſervations, 6. lnits rfacaiety for make ; 
and 7. Inits cheapneſs. P- 45,46. 
An Explication of the make ana fungulay conveniences of theſe 


new Sights. li 
An Explication of the new way of — "v6 44a 

ad vantapes of 1 it above obeys. + 8,49,5 O, 
Mage more tafie by tbe F, wp heaven of the Detimedtion mihe 


T,2, 2» 4. 5, 6, $,9,"T0., end 74h. Frgeres., expreffang the 
Frame , follow Center, Moveable arm," Strew-Frame,, 
Screw For the Dovvfions.” The Obliquisy of to the Plain of the 
Dwadrant, ani the reaſon thereof BE 2.47 * P5192. 
"The way of certainly *neterniining the Obliquiey, 4nd the re- 
ſolving the whole uadrant thereby imto owe grand "Diagonal, 
and the magnifying vipreof ins waphe, treple, decuple, Sec. _— 


Portion, 


53 
Then follows a W#jre particular Deſcription of the f 


Frame, 


Digyevs,' nds, | 7 
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ROW anTOh of 1 ibid. 
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and made mare Ay 
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ht Line, awd 
the _— -Threads i in te Tabs reefow there 
# of the Water-Levet, "7 ferting the Infbrument 
exattly Horizontal. Somg Difficulties, and the way of prevent- 
ing them propoſed, p.61,62. 

This Infr ument f- farther explain'd by a Delineation, _ - 
reaſon of its accurateneſs manifeſted. 

. Some Difficulties about the wr of the Glaſſes for theſe 54 
wvels, aud ſome Ex Gs Propounded, together with other ways 
axd forms of Levels. P.64,65. 

After the Difficulties of Obſervations made the old ways are 
taken notice of, follows the Deſeription of a new Method of mov- 
ing and fixing Inſtruments for Obſervations, ſo as to prevent and 
Ee oo, mn p-66,67,68. 

is made more plain by «Delineation and E 9. 
_—_— the Circular ag icfuva was firſt ep ahogss. 
ki p.69,70. 

Here by the way u o_ 4 Deſer era . { Wheel work, - 
which may be called the perfettion of Wheek-work, having the 

perfeFeſt Ides that nba! Fheet work is capable of. eee 
= ame effet# us if the Wheel and Pinnion had an indefinite 


of Teeth. P.70,71- 


The way of #4 


ar 


! T'A farther Explanation of the Pole or Conical hole ol the 
axis. 

4 Deſcription of the Frame for keeping the In ofrumens > its 
Perpenaicularity, and yet always in the 4zimmwt 


f the celeſtial 
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Some Uſes of this 1 i I. | Fr 
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rn by rbe By arc mention'd two other.  Infroments ;-onc 


5, 4 
fr tb pan ecomds ; owl ENF EOS 


eyes. 
ah. Apreet tif for SY , &c. wich 6 ſbort ado 
fon, ibid. 


Wo 4. 1 
7» 9 
COONS SI 
"+ "'J 7" y 


2 —— 
—— — —_ 


F | — MN 


- 
— 


4 


50 


"1470 20 30 $0 


mmm! Wi 
mmm i ON 


SOME 


ANIMAD VERSIONS 


On the firſt Part of 


HEVELIVUS 
His MACHINA COELESTIS, &c. 


FRTJAVING lately peruſed a Diſcourſe of Hevelias, 
Sz & ncw]y publiſbed,entituled, Johennis Hevelii Machins 
ST Coleftis, pers prior Organographiam frve infliruments- 
ram Aftronomicorum omninm quibus Autor hettenau 
fders rimatus & dimenſus oft accuratam delineationem & deſerip- 
tionem. plurimis lconibus &r1 incifis iluſtratam &> exornatanms ex- 
hibens, &c. and finding it a Diſcourſe about practical and 
mechanical Knowledge, and of that kind wherein Geome 
ſeems to be more then ordinarily concerned ; I thought it 
might not be urgrateful tomy Auditory, ( or improper to the 
Subjed of Sr. 1OHN CUTLER's Le#are,which is partly Mecha- 
nical _ Phyfical) to conſider a little the Contents there- 
of : And ſomewhat the rather too, becauſe baving heretofore 
communicated to him ſomewhat of this Snbje@,which I had oc- 
caſion to read in this place in one of my former CUTLERIAN 
Lecures, I find he hath wade ſome Animadverfions and re- 
fle&ions 'thereupon. | 
—_ A I 


En ('2) 

I find then that this excellent Perſon hath been for the moſt 
part exceedingly circumfped, to find out the inconveniences 
and difficukies. that do accrew to the Heſt Obſcrvatars,Teven 
wich the beſtinſtruments, and has ne heen lefs induſtrious co 
find out ways to obviate and overcome' them ; In the doing of 
which, he ſeems not to have ſpared either for labourand vigi- 
laney, or for any coſt and charges that might eted& his pur- 
poſe, for which he hath highly merited the efteemofal! fuch as 
are lovers of that Science : But yet if he had proſecuted that 
way of improving Aſtronqmical inſtruments, which I :ong ſince 
communicated to him, Fam of opinion he would have done 
bimſelf and the learned World a much greater piece of ſervice, 
by ſaving himſelfmore then & of the charge and trouble,and by 
publiſhing a Caralogue ten times more accurate, For though 
I doubt not in the leaſt but that he bath by his own extraor- 
dinary diligence, care and coſt, correged ſeveral miſtakes - 
and errors committed by the afliſtants of the Noble Ticho : yet I 
am not ſatisfied that his inſtruments are capable of making Ob- 
ſervations-more accurately then thoſe/of Tichs, though 'tis poſ- 
ſible they may do it with ſomewhat leſs trouble and inconvent= 
ence. For firit, I find that thoſe of Ticho were as large as 
thoſe of Hewelizs, and conſequent!y were capable of asaccu- 
rate and minute diviſions, and of as:lohg and.convenienr Sights, 
Secondly, 1 find that the Sights made uſe;of by Heveliak ave 
the very ſame, at leaſt nor at all materially differing fromthoſe 
. of Ticho, being on'y naked Sights, made by a lic and edge, 
ſerving only to regu/ate the direQion of the naked eye, but no 
' ways capable of aſliſting the eye to diſtinguiſh more accurately 
the objet. Thirdly, I find that though the way of Diviſion 
made uſe of by Hevelizs, be a very ingenious invention, 
and that which is Geometrically true and certain, yet if we 
conſider the great difficulty there is in Mechanically perform- 
ing it, we ſhall find it not much preferrable, if altogether as 
good as that of Tichoe, And 'tis plain enough that Ticho him- 
ſelf wasnot ignorant of it, though his particular reaſons why 
he madeno more nſe of it, we certainly know not : *Tis very 
probable, becauſe he tho ught it not altogether ſo accurate, as 
that he did make uſe of. For ſomewhat to this purpoſe he ſays 
himſelf, in the ſecond Book of his Obſervations of the Comet of 
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(3) | 
1577. Pag 461: Hane graduum in finguls minus, meaning 
the Divition by Diagonal Lines ; & ertan beruns in dens ſerupu's 
ſecands ſwbdiviſionems 13 omnibus meis machinis Aſtranomicis 
po, eo quod illans multis ab binc anpis pry >ey Sl vine; ol 
Licet enim cjxs demonſtatio in Refilineis parallelogs ammiis pro- 
prie comveniat, nmhilominus arcualibus etiam in tam exili interſti- 
Fio quod 4 refis linea inſenſibiliter differt, citra omne erroris ve- 
ftigium comvenienter applicatur. *Tis true, Ticho's ObjeGion 
againſt this way of Divition by Diagonals is material,as toa Ge- 
ometrical accuratenefs, but his Anſwer to ir isalcogether as 
material, that thoughit be not exaGily true, yet it doth inſenſs- 
biliter differre, and ſo long as the error is not diſcovered by 
ſenſe, there can be no error committed in obſervation ; and 
indeed the whole matter both one way and che other is inſigni- 
ficant, and but a vain curioſity ro endeavour to divide an in- 
ſtrument into ſeconds, or parts ſmaller then a minute, for [ſhall 
by and by ſhew that theeye can hardly diſtinguiſh miautes in 
the obje& : But were ſuch niceneſs of Diviſionof any uſe, *ris 
cafily enough to be done to Mathematical truth; for as 7 ſhall 
anon ſhew, there isa certain diſtance of each of the parallel 
Circles, which being given, the ſtraighe Diagonal Lines wilt 
divide the degree, by the interſe&ion with thoſe paralle! Cir- 
cles; into exactly equal parts, which would have better an- 
fwer'd Ticho's Objection, had he known it, which 1 wonder, 
Heonfeſs, how he could over-ſce, fince he ſeems to have ſpenc 
many ts on the matter ; but this only by the By, becauſe 
I ſhall ſpeak more at large of it afterwards. But he proceeds 
to. this other way of Diviſions, which, he, as well as Heveline, 
afcribes ro Nonnim, whereas the other that he approves of 
came firſt from England, as it appears by a paſſage in another 
Book of his, where he diſcourſes ſomewhat of the ſame 
Subjedc. 

Alters Diviſio ad clariſſms Mathematici Petri Nonnii in Li- 
bells de crepuſculis propoſitione tertia imitatjonem per plures qua- 
dr antis arcus introrſum deſeriptos, & doverſimode ſubdrviſes pro- 
cedix ; etfi autem in hac iþſa «pprime ingenioſa Nonnii inventrone 
aliquid AuiF uarit loco expeditins 4 nobis aaditum eſt, its ut exte> 
riov areas in plurimas partiunculus drvidatur, neq; is orde aut Bn 
merus areuum ſeſe introrſum concomitantium quem ille tar 
A 2 ſe 


(4) 
ſed multo expeditior & perfectior obſervetur ; (lamapeto think 
te knew this very way,and here hints it :) Tamen quis hec ſub- 
tilitas cum ad praxin deventum eft plus habeat laborts quans 
Hs, neque id in receſſu vreſtet quod prima fronte pollicetur, ut alt 
bi plenius oſtendemus, idcirco apud nos dudum in uſu eſſe defiit. 
From which words, and aifo from what he ſays in his firit 
Book of the new Star in 1572. pag 67r, ſpeaking ofthe com- 
pariſon berween theſe two ways of Diviſions, to wit, Ss c# 
Juſeungq; velit ingenioſa certe & _— util eft diftributio,quans 
> e20 poſtea arcualibus graduum drvifionibus in quadrantibus ſex- 
rantibus C* armillu non inconcinnt aut infrugifere applicui.. Lt- 
cet enim demonſtratio ejus in ſolis rectilines ſuperficicous ad unguem 
fe habeat ;, tamen cum quinorum vel denorum minutorum ſpat! 
in circumferentiis majuſculis 2 reftilineo inſenſubiliter adifferat, 
bic queq; ejus uſus ſatis commodus & ratus eſſe poterit, multoq; 
Nonniana plurimorum 4rcuum intricate > difficils ſwbdiuifione ex- 
peditior aptiorq; deprehenditur. From his Diſcuurſe 1 ſay in 
theſe two places, and from ſeveral others difpersd up and 
down his Works, which *rwould be'roo long now...o quote, 
tisevideit that Tieho was not ignorant of this way of Sub-divi- 
fien, - fo much applauded by Hewekss, invemed by Perrus 
Nonniws, and promoted by Ticho himſelf ; and yet we ſee he 
prefer'd'that way of Diagonals, firſt uſe of in Englandby 
the moſt skilful Mathewatician Richard Camtzler, before ir, re 
jeQing the one and making uſe of the other in all his Inſtru- 
ments. Bur either of them will do well enough if the Diviſt 
ons be done with great circumſpecion and care, and inſtru» 
ments of the ſize of thoſe larger ones both of Hevelimw and Ti 
cho, are capableof Diviſions ten times more accurate then are 
needful for common Sights, be they never ſo long, withour 
making uſe of either Tiho's or Hevelizs's way of Diviſion, 
the eye being unable to diſtinguiſh a ſmaller Angle. To whae 
purpoſe therefore is it to make the Diviſions ſo fane, or any 
one part of the inſtrument or obfervation more accurate then 
another? ſince the power of diftinguiſhing by the nakedeye is 
that which bounds and limits all the other niceneſs, and what- 
ever part 1s more curious then that canequalize, is of no figni- 
ficancy, For inſtance, in taking the altitude of a Star,. ic 
would be burJabour loſt to diſtinguiſh by the Diagonals,; or 
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otherwiſe to Seconds, whilſt in the meantime you are not cer- 
rain- that the Plumb-line is true:o a minute, or whilſt youare 
notable todirect the Ruler, bearing the Sighrs toagreater cer- 
rainty then to that of a minure. And the: Jike might be ſaid of 
cheextraordinary Curioſity in any two parts, and tbe failure in 
any third, that is efſential ro an obſervation ; as fruuleſs it is 
ro calculate to ſeconds, when the obſervations are not true to 
minutes, or to be certain by the Sights and Diviſions to ſe- 
conds, and uncertain in the Plumb-line to minutes. | 

There is therefore one thing, in Hevelizs his Inſtruments, 
that though they be never ſo large, never ſo accurately divi- 
ded, of never ſo choice and convenient materials, and never ſo 
tradable for uſe, and never fo skilfully and induſtriouſly uſed, 
will notwithſtanding make themall <qual as to uſe, with one of 
about two. or. three foot raditts of mettal with Ticho's Sights 
and Diagonal Diviſions, which is occaſioned by the limited 
power of diſtinguiſhing by thenaked eye. 

Something to this purpoſe communicated to Hevelizes in 
the year 65. and hoped that I might have thereby ſomewhat aſ- 
ſiſted bim in bis great and Iaborious Work, firſt by eaſing the 
eye, and next by making it capable of diſtinguithing more ex- 
acily, Thaving hinted to him the way how to reform and obvi- 
ate that inconvenience by Teleſcopical or Perſpective Sights, 
as alſo the way of making inſtruments of much.leſs bulk; #0-da 
ten times more then *twas poſlible to do with the largeſt inftru- 
ments made the common way. Inanfwet tor whichthe returns 
me this Diſcourſe, in a Letter to the Royal Society, in the 
year 65. 4 +0551 | 
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ODUS ille bſervands per Teleſcopia adminiculo Sex- 
| fantis vel Wuadrants, widetur mihi wvix ade tut, 
quam wulgaris, fi pinnacidia redte ac j:/te ſint affixa., Hee enim 
ſunt hamobilia'; Teleſeopia verb wniid ratione ade} firmitey affigi 
poſſunt weloco haud dimoveantur ; ctiamfi omni diligentia juxts 
methodum de(criptum per totum Horizoatem experiunts /ixt ſemel 
collocats. Adbuc quam ariuumn fit, ce ratione-verum eorum locueni 
indagere, ſatis ſuperq; expertus ſum , fic ut vin videam, an alicu 
CIYCA 
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tires veflitutionem Fixarum Planetarumgq; adminiculs 

in majoribus ſcilicet illis diſt antiis capiendus : In minorioue, largi- 
or, polſe aliquid preftari ; ſed an l»firuments, uniue Spithame 
radio inftrutts, elaborari polſint mult» exatHtus, quam oprima que- 
vis, unlgares Dieptras habentis, licet 60 pedum radio elaborata, 
nollem adhuc aſſeverare. Multa namg; in Theorii videmtur cer- 
tiſſima, que in praxi ſatis longe nonnunquem 4 vero recedunt, 
S1 quis mihi certas obſervationes quarunJam aiftantiarum. & qui- 
dem Fixarum, ' circa Eclipticam & eAfquatorems exiſtentium, il- 
lis ipfis Inſtrumentis, Dioptris Teleſcoptcis inſtrultis habitas ex+ 
hiberet : (utpote diſtantiam Lacide V a Palilicio ,, Palilicii a Pol- 
lace ; Pollucis a Kegwulo;, Repmli 4 Spic4 "2 ; Spice t 4 Boreal, 
ſcaiſt.' manus Serpentarii z Boreal. finift. manus Serpentarii ab 4- 
quila'; Aquila a Marcab ; &* Marcab a Lacidi Avietis) vellem 
protinus de rei illins certitndine & meum quale quals judiciuns fer- 
7e ; ſed antequam eas obſervationes obtineam, judicium ſuſpends. 
Interea utiq. fateor ; fi quis adminiculo minoris ws ym 
mentiobſeruationes corporum Celeftium peragere poteſf, ſane 
illum eſſe feliciorems, wariis de cauſis, co, qui per majors id 
flare allaborat. Rationes drvidendi Inſtruments, diverſe ws ri 
mibi probe cognite ſunt ; ff ; eriam in uſum trenſtuli ; nun 


autem fint eadem quas Cl, Dominus Hookius wevit, 4s 


invenit, me prorſus latet : Siilli non adverſum efb, rogo, ut pre- 
CIPNAS plant oc ego ut meas intelligat rurſus FW ff 


Since which time [ have not ſent any other deſcription of 
inſtruments, ſave that of the manner ofwaking and uſing a Tube 
for a 60 foot Glaſs, which law mach pleas'd to find he makes 
uſe of, and ſhould gladly have communicated any thing fur- 
ther; if had nor found they were efteemed-infignificant. tt 
did much trouble me, I confeſs, that I could not prevail with 
bim to make uſe of Teleſcopical Sights at leaſt, fince with leſs 
trouble he would have afforded the World Obſervations, and 
a Catalogue of the Stars, ten times moreexat., And l amthe 
more ſorry to find that he hath proceeded to finiſh his Machine 
Calieſtis, by inſtruments not more accurate then thoſe af Ticho, 
and that be ſtill remains in the ſame opinion of Teleſcopical 
Sights, and ather improvements of inſtruments. For pag. 293. 
of this firſt Part of his Machina Celcſtis, ſpeaking concerning 

Sights, 
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Sights; -he ſays, Poſſibly ſome may:wonder that [domot make 
uſe of 'Teleſcopicat Sights, fince rhey-are: by :ſome accounted 
berter-and wore-accurate, inſomuch thar there -is- one" in the 
World hath proceeded” ſo far , as to ſuppoſe Teleſcopical 
Sights to be ten, twenty, thirty, nay forty times moreaccurace 
then the common-Sights; and that *tis poſſible ro make an in- 
ſtrument of a Span Radius to-domore-wink Telefcopical Sights; 
then an- inftrument 'of 60 fyor* with the common Sights. 
'Twould beathing of much mument could is be done; -and not 
to be valued by money, but many things do feem true in the 
Theory, which do not anſwer upon Experience. You may 
perceive by comparing this ſlender Refuration with bis Letter 
before, who he means 'by che Aﬀertor of Teleſcopical Sights. 
But I am troubled henfhould think them fo flighe as nor to 
deſerve one tryal in feven years time , eſpecially fince by 
expiaining the manner of making uſe of them much in the 
ſame ſenſe with that which I ſent him, he ſeems ro have ups 
derſtoad enough of the way to have made uſe of it if he would, 
Asto his Obje&tion, Thar the Glafſes are apt to be broke, and 
the Pingor Threads are apt to be bent and broke, there is not 
the leaſt colour for it, for they cannot without much labour 
and deſign be broken or pac out of order, bur if they were, 
© might as well be ſaid, that the Plumb-line of any of his inſtru« 
mentsmay be broken, or his Sights bended, and thelike, and 
therefore thoſe inſtruments. were not to be uſed, Bur t heſe 
Objections | ſhall notrurge againſt his inſtruments, nora great 
many other [ could produce of leffer moment, but only this one 
which is very fundamental, and cannot any ways be helped 
but by the help of Glaſſes, and that is, *Tis impoſſible with 
Sights wade after Ticho's or Hevelms his way, to diſtinguiſh 
any diſtance in the Heavens leſs then half a minute, or thirty 
Seconds,and hardly one of a hundred can diſtinguiſh a minute, 

And ths being proved, what will become of all the machi- 
nations and contrivances for greater inſtruments, to ſhew the 
Divifio:s of ſing'e or doub'e Seconds ? May nct ſingle minutes, 
nay half minutes, by the helpof Diagonal Diviſions, be ſuffi» 
ciently di *inguiſhed in an in'trament of three foot Radius ? 
What ne 15 there then of all he other cumber ? Certainly any 
one 4c will but try with the ane and the ather inſtruwenr, 
will 
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will find himſelf able to do as much with an inſtrument of three 
foor, as withone of threeſcore, fince the eye cannot diſtinguiſh 
2 leſs Angle, at leaſt none tha T have yer mer with hitherto. 
Who is there that by his bare eye candittinguiſh any of the Te» 
leſcopical ſpots in the Moon, though ſome of them are above a 
minute in Diameter 2 As-for inſtance, Who can ſee Mount $3- 
z4i, ſo call'd by Hewveliss, which is a bright ſport in a dark 
field, and conſequently muſt appear near two minutes in Dia- 
meter to the naked eye? Or who can ſee the Palus Mareotis, 
or the Laces niger, which are two dark ſpots in light fields, and 
each more then-a minute in Diameter ? Now if the eye cannot 
diſtinguiſh'a ſmaller objec then appears within the angle of 
Lalf a minntce, *ris not.-poſſible 'to make any obſervation more 
accurate, be the inſtrument never ſo large, 

Now that any one way preſently ſatisfie himſelf of the truth 
of what I aſſert, concerning the limited power of the naked eye, 
as to the diſtinguiſhing of Angles ; Let him takea ſheer of white 
Paper; and thereon draw two parallel Lines, as OO, and Þ 
P, 'in-the 28th. Figure, at four or five inches diſtance, then 
draw as many other ſmall lines between them at right angles to 
them, and paralle| one with another, as he thinks convenient, 
aS aa, bb, cc, dd, ee, ff, gg, bh, 1i, &c, and ler 
them be drawn diſtant from each other an inch, then let him al- 
tervately blacken or ſhadow the ſpaces between them, as be- 
tween aa and bb, between cc and dd, between ee and 
ff, between gg and hh, between ii and kk, between [1 
and mm, &@*c. leaving the other alcernately white, then let 
him expoſe .his Paper again(t a Wall opento the light, and if ir 
may be ſo that the Sun way ſhine on it, and removing himſelf 
backwards f:,r the ſpace of 287; feet, let him try whether he 
candiſtinguiſh it, and number the dark and lighe ſpaces, and 
if his eyes be ſo good that he can, then let him (till go further 
backwards and backwards from the fame, till he finds his eyes 
unatle any longer to diitinguiſh thoſe Diviſions, there ler him 
make a \itand, and meaſure the diſtance from his eye to the a- 
foretaid Paper, and try by calculation under what Ang'e each 
of thoſe black and whi.e ſpaces appears to his eze, for by that 
weans it will be mavife(t how ſmall an Angle his eye is capable 
of diſtinguiſhing, and keyond which \it cannot reach : Which 

being 
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I he hathaScandard, by which he 18ableto 

and exaQneſs of his Iafkcuments, if he 
uſe of T's hes, ' which all and cati- 
oficy is not only uſeleſs, bur of much detriment upon many 
accounts. 

This is that Conſideration which I could wiſh had occur'd 
both to Tirho Brehe and to Heveline, eſpecially to the latter, 
who hath ſo earneſtly endeavour'd to our-do the former, and 
for the catpwpliaces thereof, ſeems to have ſpared no 
» labour, or endeavour he was ableto expend. TI hope 
at leaſt thae this publick - notice will for the future engage all 
fuch as ſhall atrempr this Work, to be as ſollicitous abauc af- 
bn [em ob in the diſcovery of the parts of the Objed, as of 

the Diviſionsof the [nſtrument,. for the doing of 
_- one without _— able to reach the other » Will avail 
nothing. 
- Thoſetherefore that deſire or need Inſtruments to make Ob- 
ſervations to Seconds, muſt take another courſe then any that I 
know yet deſcribed. - 'Tis true indeed, That Alcicudes of the 
Sun way be taken, wichthe Sights commonly uſed for that pur- 
poſe, to what accurateneſs is defired, if the Inſtrument be large 
enough, becauſe the Image of the Sun being tranſinitted by the 
upper Sight through a ſinall round hole, is repreſented within 
a Circle upon the lower Sight, and by means of the eyes ap- 
proaching near that Sighe, *ris poſſible by Inſtruments large 
enotgh, to arrive at ctheaccurareneſs of a Second, in Obſerva- 
tions made of that kind. And ſomewhat of this may be done 
alfo by the Moon, when very bright and clear, but in all the 
other celeſtial Bodies it has never yer been done. 

'Bur then if we compare even this way with that of Teleſ- 
copes, ceteris paribus, we ſhall find it much ſhort, bothas to 
ctearneſs and diſtindneſs, .and therefore even here alſo Teleſ- 
copical Sights are to be preferred, as [ ſhall ſufficiently mani- 
feſt hereafter more at large, when I come to deſcrite my own 
Inftruments for this purpoſe ; : for [ doabt noc but towake ic 
ſufficiently plain, That by the help of an Inſtrument I have 
contrived, of three foot Radius, I will be able to wake all 
Obſervations whatſ-vever, ten times more accurate, excepting 


mote &f'the-Sun; 'then, any one: can-make with: the largeſt In» 
B ſtrument, 
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ftrament, deferibed either: by Tichs ar Heyeliav, and. to. mar 
nage'the ſane with'a-quarter the trouble, cjutter, and. 6 
tz; neceſſary to either of! theirs, anditg wake the Dividans as 
accurate and ſenſible as can be deſired, 

For the doing of which, I will ſhew, Firſt, How to make 
che Plain of the Inſtrument, that ir.fhall nat be ſubjeG ta bend- 
ng or warping, and yet be {© light as;to, be eafily. manageab.e. 
Secondly, 'How ro make the Divifiens on that Inſtrument, ſo 
as to diſtinguiſh certainly and exactly to Seconds, without any 
trouble, or wearying the ſight, Thirdly, I will ſhew howto 
wake the Sights of that Inſtrument, ſo as to diſtinguiſh the 
parrs of the Object to Seconds, if need be, even by thoſe who 
cannot diſtinguith to Minutes: with : coymios Sights; eertainly, 
and without fallacy or error. Fourthly, How tQiwake; the 
Sights, ſo as to ſee two Objects, though never fo far diſtant, 
with one glance of the eye. And Fifthly, I will ſhew-how tg 
adjuſt the Perpendicular, ſo as to.ſet x exaQy upright and 
plain to a Second, ſo that if it meets with-a diligent, accurate; 
and experienced Obſervaror, it will ferve'to make: as.curiqus 
Obſervations as are hitherto defirable. ' Sixthly, I will ſhew 
a way how to fix this Inſtrument, either for taking Aititudes.or 
Azimiths, foas to be le with the leaſt troub!e jyagi- 
nable, for Obfervations of that- kind, -and to bealways ſteady 
and fixt in any Perpendicular poſture, to whatever Azimith-ir 
beapply'd. Seventhly, I will explainan exa@ way for fixing 
rhe Inſtrument, ſo as to take the Diſtances of any two Stars, 
or celeſtial Obje&, and ſeveral other contrivances of the like 
nature. But of each of theſe hereafcer, after I have examin*'d 
over the ſeveral particulars mention'd by Hevelias, in his De- 
ſcriptions of 'the Inſtruments and Contrivances made uſe of by 
bimſelf, 

To paſs by then his long Preface, and the Diſcourſe of Ins 
ſtruments in general, which he hath premiſed in the fixſt Chap» 
rer; I ſhall proceed to an examination of thoſe Inftruments of 
his own, which he doth more fully and particularly des 
ſcribe. 

The firſt of which kind I find to be a Quadrant of Braſs, 
which he deſcribes in the ſecond Chapter, and begins with 
that firſt, as being an Inſtrument which he leaſt eſteem'd, ou 
which 
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| was of three foot Radius, _ © weil 
fired with croſs Bars and ſtrengthned, that it was notfubjeR 
to warp or bend ; it had alſo a convenient Pedefta!, and was 
made eafie to be removed from place topidce ; it was ſuſpend» 
ed by a Cylinder” placed on the back-fide, in the Center of 
Gravity of the ot, and could by this means'more eafi] 
be moved to and froto take any Alricude, then that way of Ti- 
cho's, who fixe his Cylinder at the upper corner : "But it hath 
this of inconvenience thar Tirbo's hathnot, namely, 'That the 
Plumb-=Line ot r will be longer before it ſettle, 
andtheT t moreapt ro warp. The Sights of 
irarethe ſame with that6F Ticho, and indeed the beft of Coni- 
mon Sights, how commonly every where made uſe of in Inſtru- 
ments of thar > bur far inferior to thoſe which are made 
of TIN or ll irewards prove. 
of Sights which he Jeferibes, F4g-98. for takivg 
the Ale e of the Sun, 'i$ very good, bar yet far inferior to 
one ficted wirh'the Obje&-Glaſs ofa Teleſcope, though he had 
omitted che Tube, for he might thereby have enlarged the hole 
of the upper Oe hae to what bigneſs he pleaſed, and conſequent- 
WY RAVE hen of the Sun as brighe as it ſhould be 
e.convenient, Ele frithour any wanner of Penumbra, 
r were placed at the dne diſtance of the Focus 
-Glaſs, And therefore Ido wonder at his care- 


' 
if the lower < 


of that Obj 
fulneſs to inform his'Reader aright, for fear he ſhould wnder- 


ſtand a Teleſcope by the Tube he wade uſe of, ' ro keep off the 
adventirious light from the lower Sight, faying, ' pag. 99.” Per 
Tabu autem mi Lettor non inteDiz0 a carer alrqued lentibus 


ruttum,” ſed plane nadum ex charts Hum Tubulum, as 
if he had ſome dread of waking uſe of Glafles inany of bis Siphrs. 
Whether it were, "that he fappoſed Glaſſes t6 have ſome-hid- 
den, m-intelfigilſe, and avhterion way of repreſenting the 
OBjeft: or whether from their fragility, or from their uncer- 
rain refraCtion, or from a ſuppoſed impoſſibility of fixing 
to the Siphs, 'Qr whether from ſome other myſterious 


e, which rain not able to think! of or imagine,” Icannor 
B 2 tell 
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rell,, Sure 1am," that, none of theſe 1. have [ua gh yp 
thing at. all; conſiderable ObjeGions eGions againſt, their, yle, 0 
have been ſo fully ſatisfied of the exceeding great gs 
ſolute neceſſity of them in. curious and, exaQ- Obſcrration 
that { do aſſure him there is not,. nor can be any conliderable 
Obje&ion againſt them, which cannot eafily be anſwer'd, nor 
any 4nconvenience, which cannot with. caſe be obviated and 
rectified; of which 1 ſhall ſay more hereafter. 

The Diviſions of it were wade whelly by himſelf, with « EX 
traordinary labour and curioſity, inſomuch that he ſays, be 
could not only diſtinguiſh each minute of a Degree, but almoſt 
every quarter of a minute, ſufficiently accurate for his Com- 
mon Sights, if be could have on!y. diſtinguiſhed every half mi- 
nute, and indeed much. wore chen moſt, mens een are ab ag 4 
reach. He ſeems to have beenat infinite trouble an 
perform the Diviſions made by the help of A "g's en 26 
parallel Circles, a way made;uſe of by | Ticks, ang.now {© com- 
monly known, that 1 chink.[nced. not ſpend;cime in t F: 
cation thereof; only 1 muſt take notice, That whereas, be 
poſes theſe;Circles to be equally diſtant, he ought to bave on 
ced their Diſtances according to the Proport ions. of the diffes 
rencesof the Secants of ſome ten minutes,next ſucceſſively 
lawing; one another in ſome. of. the Quadrant, . whicb1s 
caſie to. determine, from the Diſtance of the two extreap on 
bounding Circ'es z of which more hereafcer. 

Now though the Circles ought not according to the ſri 
Rules of Geometry, to be equally diſtant from each other, as 
Hewelins ſeems to. ſuppoſe, yet if confeſs. ; : unleſs the ſpace 
wherein thefe Circles lye be very large, | and the parts of a De- 
gree that are. to be diſtinguiſht, very ſinall,. there is no neceſſi- 
ty of ſo curiouſly diſtinguiſhing thoſe unequal Diſtances, but 
they may ſerve well enough for uſe, if they be taken, equal, as 
Heveliue ſuppoſes, and indeed wuch wore accurate, then 'tis 
poſſible ro diſtinguiſh the Objed by the bare eye ; and there- 
fore 1 ſhall not need to inſiſt uponthe further Explication 
thereof, eſpecially becauſe when I come to ſhew a, more accy- 
rate way of Sights, 1 ſhall alſo ſhew a much more accurate way 
of Diviſion, then either of thoſe. two of Ticho Brabe, or this ſet 
down by Heveliue, which 1s much. the ſame, with one of "os 
, which 
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ich was.190;yeurs: ſince. made uſe of by Tizhs, and deſcri- 
be. and, is Py bio KerbEted £0: {an 'Englifh Rartmas 


Bur becauſe e this iaduſtrions —_ cargful Perſon put bicſelf 
to the trouble, of waking and examining the Diviſions himſelf, 
I could heartily have wiſht he had thought. upon ſome ſuch way 
asthis, which 1 here deſcribe, and.call a Compendium of Dia- 
gonal Diviſions, it being a way, whereby as Zof the trouble is 
ſayed, . in pexforning the manual operation thereof, ſo I judg 
it.to be much more certain, exaQ and plain, then the other way 
of Diagonals. © My Reaſon for the firſt is plain, The Diviſion 
of one Degree ſerving. for the whole ninety : And my Reaſons 
far. the ſecondare, Firlt, Becauſe it :is much plainer to be di- 
ſtinguiſbed, . then by; the help ofthe edge,of a Ruler, lying 
gyerthe:Diagomals, one being able to ſee but one; part of the 
Diagonal. . And Secondly, | think it much betrer then a ſinall 
fiducial Thread, which is very apt tobe bended and broken, 
if it lyes cloſe ro the Superkicies.of. the. Diagonal, and if it lyes 
ata diſtance, a Skew ghance of theeye will muchalter the ſcem- 
ing ngerteGing of the, Diagonals, which. in thi. way are both 
prevented; | The way then in ſhort is nothing but thisz Take 
2-thin piece of clear king glaſs Plate, well ſmoorbed and 
A a a oo morgan gh 

4 mort ua t,. ON, WOIC ia- 
gonals were to be made, apd.the gther. way, to Cover 0 
three rees, ( this I do the bigger, that the ſides of Do Fa 
way, not ſhadow or darken the Diviſions and numbrings,) Sup- 
paſe a a a a inthe 29th, Figure, Plate 2, to. repreſent ſuch 
a Plats, upon this Plate deſcribe with great care. a Degree of 
the, Quadrant you would have divided, and compleat. it with 
allits parallel Circles and Diagonals, as. you would have done 
any one Degree upon the Quadrant, and if the Rim of the Qua- 
drant be yery broad in. proportionto its Radius, you may by 
the- Fable of natura! Secancs or. Tangents, ſet che parallels at 
their due Diſtances, but.if the Rim.be =xh *rwill be ſuffi- 
ciently accurate to make their Diſtances Theſe Diviſi- 
ons muſt be done with Compaſſes, - point * wall Diamant 
Points,  in.the wanner of :hofe -wherewith Glafiers cut their 
Glaſs.- : The Glaſs being thus dixided: and lined, numpber.the 
Diagonal s, 
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is, andplace it in the Frame of the Ruler, with the 
NR Ed Quadra, Fothat moving ir to and'fro, the 
ſide of the Glaſs may immediately touch the Braſs Rim of the 
Quadrant. This Brafs Rim muſt be divided into 9o equal 
parts or Degrees, and at each Diviſion ſtraight Lines drawn 
from the Circumference towards the Center, the. whole breadth 
of the Limb, ( at leaſt as mach as is made ufe of for the Glaſs- 
Plate, ' for the breadth of the Diagonals) the Frame ro 
this Plate 1s a convenient Cavity, left in the moveable Arm of 
the Quadrant, the whole wanner of which will be better nnder- 
ſtood by the Delineation thereof, ro which I ſhall rherefore 
refer the Reader. © The Diſtances of the/parallel Circles if un- 
equa), may beeafily ſer down true, according tothe numbers 
of natura! Tangents or Secants, withapairofCompaſſes, ' cON- 
rived [ike Beam-Compaſſes, but having its Points to be'fer' at 
any diſtance, defired by the help of a Screw, moving upon one 
fide of the Beam, which I may have occafion to deſcribe elſe- 
where more properly, and therefore will hereomfr it. - © '- © 

Next, If this way had not pleaſed, IT could have withed he 
had known this following, which is altogether as cafe, - andy 
Geometrically true, which I have contrived, and have wade 
ſmall Inſtrumegts thereby to ſhew very winute Diviſions, very 
eaſily and very plainty. TTirike then upon th Limb of the 
Quadrant | would divide, -being firſt made exceeding {mov 
and plain, aCircu:e very fine, and as lightly as- poſſibly Tran, 
ſo it be but diſcernable, and by the help of a very large Qua- 
drantal Dividing Plate of ten foot Radius, [divide Fin ard 
Quadrant tn the faint Circle above-mention'd, into go*parts 
or Degrees,” then by a peculiar contrivance of a very curious 
Point that ſtrikes with a Spring, which I deſcribe in #nv6ther 
Diſcourſe, the ſaid Degrees are tnarked' upon the Plate by' us 
rious, ſinall, round and deep holes, theſe are by another Line 
without it, which is divided and figured the Commbon way, 
diſtinguiſhed and munbred by Figures, according to the Com- 
mon wanner. Then 'for the 'ſub-Divifiens, I'make a ſinall 
Hold-faſt by a Screw, which ts fixed on to the moveable Arn 
of the Quadrant, this ſerves to hold the end of a Diagonal 
Hair, the other end of which is train'd over the Supplementary 
Degree, tflfie lyeth ditecy over fome prickt-Hole ofthectrt- 
ous 
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ivifiens, on the Limb of the Quadrant, this gives me the 
fab videos: of the Quadrant, ro what accurateneſs {.defire. 
The Supplementary Degree is a Degree of a very targe Circle, 
put og. Upona ſmall Rule, fixed onto, che fade of the moveable 
Arm, whoſe Magnitude and Diſtance is found by this: Propor- 
[110N, as the Diltance between theend of the ſmall Hald-faftand 
che. pointed Circle, is to the Radius of that Cizcle,, fo make: 
the Diſtance between the ſaid End and the Supp!ementary Cir- 
cle to the Radius of that Circle. This wil: be more plain by 
a Schewe. 32 
Let aaa in the 3Sth. Figure repreſent a Quadrant, bb b 
a very fine Circle, ſtruck on.che Limb of the Quadrant; from 
the. Center |, -which by a large Quadragraf 10: foor Radius, 
I divide into Degrees, and by a ſpringing Point ſtrike ſomany 
ſmall Points, and number them to 9o. beginning at 'm, and 
nuwbring towards i, Let dd. repreſent the maveable Arm, 
Cc C the huid-falt,, fixed uponrhe fide af that Arm, which by a 
ſmall Screw pincbeth aad hold5-fait ,a.very fine Hai? at k,-ee 
the fwall Ruler fixedat rigbt Angles, with the Line -k f, -in 
this Line (through the Paints | and k)1 rake a Point, as f,and 
through f I ſtrike a part of a Curcle fg, whale Center' is | 
ſamewhere in.che Line t k.1 produced, which.I find by reſoly- 
ing this Proportian,, as. k i 1s to. li, ſo will kf beto-the Ras 
dius. of the Supplementary Circle f g; - which-willafatt i fome+ | 
where in fk | prodyced, towards 1,” then, take a Degree. of 
that Circle, which will extend from f ta.g, and divideit in- 
to as minute Divigansasare neceſſary, and, number thew from 
fto g Now ta find. what Angle the Sight dd maketh with 
the Sight m m, [I ſtrain the Hair h k, till I find ir lye over the 
next Diviſian Point towards the right hand, and obſerve in 
the Ruler e e, what part of a Degree is there marked, and on 
the Circle 'b b b, what Degree is marked, the ſum- of both 
which gives me :the-true Meaſure of. the Angle d d& | m. Bur 
this only by the,By,.. and:I will noe now further enlarge on the 
Explication thereof, deſigning 1 for- another Diſcourſe, 
where I ſhall deſcribe various, Mechanical and Practical ways, 
of accurately dividing Lines, into any aſſignable number of 
equal or proportional parts. 
To. proceed then where I left off, to the examination of 
the 
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the Inſtruments of Hevelizs, Tfind that together with the Braſs 
Quadrant I was ' ſpeaking 'of, he defcribes two Contrivances 
about ic 3 The firſt is, How to ſer 1t preſently to an upright, 
without the trouble of turning the Screws in the Pedeſtal, 
which is p!ain enough, and ſo much the better ; bur it hath this 
of inconvenience, that it muſt be altered for every Azimith, 
which is a very great one, and which by another way altoge- 
ther as caſie and plain, may be avoided ; of which more here- 
after. 

Another Contrivance about this loſtrument, is a ſwall Screw, 
for moving it and keeping it fteady in any poſture im the ſame 
Azimith, which is convenient enough, but will not perform 
whathe afterwards ſappoſes it capable of, as hall afterwards 
ſhew. + 

- The ſecond Inſtrument, which in the third Chapter, peg. 
102,103, &c. ' 108. he deſcribes, is a Sextant of Braſs, of 
three foot Radius, carefully made, and divided with the ſame 
care and after the ſame way as the former. © The Sights alfq are 
much the ſame, only whereas in the Quadrant he makes uſe of 
a Plate, with parallel edges for the Sight that 1s at the center, 
and furtheſt from the eye ; in this he makes uſe of a Cylinder, 
which way alſo Ticho made ufe of reo years ago, and hath been 
ever! fincemadeuſe of. The other Sights next the eye are the 
ſame with the former : There is nothing ſingular in the Pede- 
ſtal, nor in the Ball and Socker, only "tis ſomewhat bigger 
then ordinary. His way of moving and fixing the Ruleof it is 
convenient enough, and the ſame with his Inſtrawent for moving 
and fixing! his Quadrant, but "tis not cap#ble of performing 
what he promiſethfor it, ce ntl mw 

The third Mſtrument, which in the foarth Chapter he de- 
ſcribes, is a-Sextant of * Tron, of four foot Radius, to be ma- 
naged only by one Obſervator, by putting the Center next 
the eye; The whole Inſtrument 'is little differing from) the 
former, fave only that the Cyhnder at the Center which is here 
next theeye, is cover'd with another hol!/ow Cylinder, which 
1s voluble and convertible about the former, and carries two 
ſmall Slits for the Sights, which performeth the ſame as the 
other Sights, but nothing more, and as the Author himſelf af- 
firms, is not fo accurate:for uſe as” the other Sextanr, ' where 

þ « there 
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therearetwo U VatOTt , and therefore was ſeldon N 
Bis. — Pre T ſhell avon thew 3 yup by which ons Obie? 
vator alone ſhall be able, to rake aoy. Diſtance t9, a Semicirc'c 
with much more accurateneſs and conveniency then-any two 
Obſervators can 3 and therefore wilt be an. Inſtrumegc, af-he ' 
beſt uſe for Aſtronomical and Nautical affairs,for the perfcGing 
both, which I defign it. | cn ar os 
The fourth [aſtrument, which inche filth Cages, from pag- 
\ 114,86. $0.1 23, be deſcribes, is a Quadrant of. fix. faot Radius, 
whoſe Frame was all made of dry Oak.;. bur the: Limb,Sights, 
Sockets,gc. were made of Braſs, divided ſo as. to fee every 
quarter of a Minute diſtinQly, the Sights the ſameas in the frit 
Quadrant,and the way of ſuſpending/it not wuch differing, ſave 
only, whereas in the former, the Pedeſtal was moveable, in this 
it is fixt, which is much betcer., And the Inſtrument is-kept in 
an equilibrium, by the help of counterpoiſes bung at the end 
of 2 ſtring, and caſt oyer a Pul!y, as, is more viſible by his De- 
ſcription. |, But this {as all gther Naoeea.) n{truwents Fu 
found. to ſhripk and;warp, and conſequercly to, loſe 1ts exatt- 
neſs, and therefore he made MR Ages uſe theneof, Rp laid it 
aſide, and wade himſelf berter of Braſs, 

The fifth Inſtrument defcribed in the fixth Chapter, from 
Pag. 123. tg 1324 is aSextant of Wagd of fix foot Radius, made 
inall particylars ike the fqrmer Sextant of Braſs of cHiree fqoc; 
nor bas it any. other contrivanceabaut it conſiderable, ſave on- 
ly a reſt made toſlipup and down. for the Obſerva:orsto reſt 
their Elbows upon. But this Inſtrument allo he found to be 
vitiated by the ſhrinkiogand warping of the Wood, and.there- 
fore he laid thdt by alſo, and ſeldom ade uſe of it, Fe 

The fixth Inſtrument is a [large Ocantat Wood of eight. foot 
Radius; this is made exadly according to the Farm of Trcho's 


rien then the y 

guiſhiag in the Obje&, and therefore af little uſe. 

+; And thus far. the Author. proceeded . iq . Ticho's _ Way. 

Hue fig theſe [nftruwents, which_ wee made for qa 
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part of Wood to be gre faileur, he aſpired to get better 
Inſtruments made all of Brafs'or Tren, and wholly laid aſide 
the reſt as altogether uſeleſs, 'AndT catinot but very much ap- 
| proveof his Judgment in ſo doing, for certainly ceteris paribits 

Inſtruments, well made of Braſs or Iron, are much to be pre- 
ferred before the beſt of Wood. But yet neither are all man- 
ner of Wooden Inſtruments to be reje&ged; nor are all ſorts of 
Mertalline Inſtrumenrs free from error, thovgh"tis confeſſed, if 
they be made and uſed withskill, they ſuffer riot any confide- 
Table or ſenſible variation. Firſt, I ſay, Wooden Inſtruments 
may be ſo contriv'd as very near to equalize thoſe of Metal, the 
Joynts and Plates for Diviſions only being made of Metal, they 
being very eaſfie to be 're&ified before, and exainined after eve- 
ry tiweof uſing, Such a one was contrived by Sir Chriſtopher 
Wren, being two ſquare Wooden Tubes or Teleſcopes, joyn'd 
together at the end next the Obje@ by a Joynt of Braſs, and the 
Angie made by the opening of them, meaſured by a ſtraight 
Rule equal to half the Radius,divided by Diagonals into 5000 
equal parts, which will by the help of a Table of natural Signs 
or Subtenſes, ſhew the parts in Degrees, Minutes, and Seconds, 
of which I think I acquainted Hewe/imes ſome years ſince, Next 
Braſs and Metalline Inſtruments, if they be not very carefully 
fortified againſt ir, are wore apt to bend then even choſe" &f 
Wood. And the beſt way I have found to fectre them true and 
plain in all poſtures, is to lay them on a Table: or Frame of 
Wood, well fortified underneath againſt bending , and by the 
help of ſmall Screws in ſeveral parts of the Inſtrument to ad- 
Juſt it upon that Frame 3 the whole Table and Quadrant being 
ſo counterpois'd, as to be eafily moveable and fixc in any' po- 
ſture. But Hevelius is pleas'd; as 1 ſai before, whol!y to ay 
alide all manner of Wooden Inftruments as uſeleſs, and to indea- 
vour the obtaining of Inſtruments of Braſs or Iron. Nam (ſayes 
he pag. 136. ) cum nd experientiz probe tanders diditerim, 
amlrg ſecuriaa efſe ex ſobas prorſus metals obtinere Inſtruments 
In quo majors & ampliors eo efſe accuratiora & abſolutiors. ad- 
bec prieribus admodum Tichonicum conſtrutts plurima deeſſe qui- 
bus ditayi merito deberent , & quod iiſdem de canſis onmino ne- 
eefſum ſit, #t parte corrigerentur & meliorentur , tam qui eorum 
weteriam frutturem commutionem facilitandaits diviffonem quam 
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alia diverſe fubſidis & adminiculs, gue fic aftinn,t 3 
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at, —_ accuratioribus adhuc arvifionihus, ad paulo ſub- 
tiliores obſervationes obtinendas pawderent. - His Reaſoning in- 
deed is very good, that ſince he had from much and long expe- 
rience learn'd, that Inſtruments of Wood after Ticho's manner, 
were not to be truſted to by reaſon of their warping and 
ſhrinking, and conſequently that Inſtruments of ſolid Metall 
were much to be preferred before them, and alſo that the lar- 
ger the Inſtruments were, the more exadly they-could be made 
and divided,and that the more eaſe they were ta be moved, and 
the more ſteddy and ſure they were to be fixt in any poſition, 
the more convenient they were for uſe, he had therefore reje&- 
ed all thoſe Inſtruments which he had made after Ticho's way 3 
and had indeavoured to procure for his own uſe ſuch as were 
complear, both for their matterand form, having cauſed them 
to be made of Metral that which could not be ſubje& co the 
inconvenience of warping , ſwelling, or ſhrinking, with the 
variety of Weather, or length of Time: And likewiſe of ſuch 
a bigneſs as was capable of receiving more nice and curious 
Diviſions ; and in the dividing them had found ſuch. contrivan- 
ces , and uſed ſuchdiligence, that they were more then ordi- 
narily true and exat. As far as he has gone on with-theſe De- 
ſigns, he ſeems to have been even profuſe 1n his expences, and 
exceeding bountiful of his own care; labour, and- diligence ; 
but I could have wiſh'd beartily that; ic bad been- ſfome- other 
way imploy'd. Thoſe Inſtrumentswhich he chiefly laboured 
to perfe&, he profeſſes to be Quadrants, Sefants,and Odants, 
after Ticho's manger, reze&ing all other Inſtruments of whatſoe= 
ver Figures, whether Radzt, Aſtrolabs, Zodiacel or eAfquine- 
Hal Rives, Parallactical Inſtruments or Hoops, as more trau- 
bleſome, and leſs accurate. . But whether he hath. in this his 
C 2 choice 
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choice” been rightly adviſed; 'I'halt hercafrer tave more occa 
fion to examine when 1\come to deſeribe an Apparatus of In- 
ftriments neceffary for ſuch a'one as deſigns to promote and 
perfe& the knowledge of the Celeſtial Bodies and their mo- 
tions 3 wherein I ſhall ſhew chat of ſome Inſtruments rejected 
by him, there is a'ufe abſolutely neceffary, | = 

The Inſtruments therefore. that he begins with are three ſal! 
Quadrants of Praſs; the firſt of two foot, the ſecond of eigh- 
reen inches, and the third of one foot Radius. Each of theſe 
Inſtruments, he ſayes, were made ſomewhat larger then common 
Quadrants, to wit, of an arch of '1 10 degrees, which is ro no 
other end, but on!y in order to ſhew the ſubdiviſions of each 
depree of the Quadrant, by the help of a new invented Per- 
pendicular of Braſs wherewith each of them was furniſht. This 
Invention is by him highly extoll'd for moſt excellent and uſe- 
full ; andto that end is wade uſe of for the diviſion of all his 
other Inſtruments, both great and ſwa!l. Hear what he ſayes 
ofit: Dniſeunque hujus ret (to wit, the new way of ſubdivi- 
ding the degrees of the Quadrant) primus fuerit repertor, ſubli- 
mes profetto cogitationes exercuit hoc ipſo ad congruentem efſettum 
acaucendo, & inter preſtantiſſima inventa meritiſſimo refertur , 
gnod etiam minors Inſtruments remotis omnibus tranſuerſalibus 
Liners, in finguls minuta cortimque particalas minimas ſubdivid: 
liceat. Heſeems indeed both here, and elſewhere in many 0- 
ther places of his Book to be highly pofſeſt with admiration 
of the ſublimity,” ſubtilty, and extream uſefulneſs of this in- 
vention, and ſeems very much concern'd that the Author there- 
of ſhould not certainly be:known, but dares notfather it upon 
any one poſitively, He ſayes that one Benedittas Hearews in a 
Work of his which he publiſhed A4xno 1643. about the rew 
and accurate Strucure of the Geometrical Aſtrolab, deſcribes 
it ; but he'gathers that he was not the Inventor himfelf, / but ra- 
ther that he got both this-Invention and the whole Quadrant , 
which he defcribes out of the Obfervatory,or rather Repoſiio- 
ry of Ticho Brahes Inſtruments, for that it ſeems Ticbo was the 
Inventor of this way of divifion ; 'and yet , as I notedbefore, 
he prefer'd the way by Diagonals wuch before it, whatever 
Reaſon Hevelizs had to be of a contrary Judgment. What this 
' way is I ſhall by and by explain. Butin the mean time 1 am 
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forry to fipd Hepehwjoyning with Hedrews if the Opinion or 
Pemoaſtration, . as:Hevelras calls.ir, thatthe Sub-divifions by 
Diagonals is not capable of a Geometrical demonſtration,cſpe- 
cialiy in lefſer Inſtruments, which bave need of many Circles. 
I confeſs I underſtand not their meaning nor reaſoning, nor why 
it ſhould be leſs demonſtrable in lefſer then in greater Inftru- 
mencs; . fince-'$35 very ealtly demon(trable both in greater and 
lefſer Inſtruwents, and as Geometrical as any other way of Di- 
viſion whatſoever : the Diagonal Line being aiwayes a piece of 
a Tangent Line,: that is to ſay, the ſpaces between the Para!lel 
Curclesuponthe Diagonals ate alwayesto.be in proportion © 
the difference of ſowe Tangent Lines, and the different diſtance 
of thoſe Circles: from the Center are alway in proportion of 
ſome Secants : And the way of finding what thoſe Tangents or 
Secants are, and conſequently what muſt be thoſe Diſtances of 
the Para!lel Circles I mentioned briefly before, and ſhall now 
more fully demonitrate. From which will make it evidence, 
that the Theory was not as Hedress and Hevelizs have ſiippo- 
ſed, uncapable of Caiculation or Mechanical Demonſtra- 
tion. 

But firſt give me leave to ſhew you what way Ticho Brahe 
wade ule of to demonſtrate, or rather to find out the true An- 

ie unto eachequal Diſtance, which I find ſet down at the lat- 
ter end of his Mechanicks,. as a Supplement to the reſt. Ds- 
viſionis puntts habenti tranſuerſalia modus tals eſt, ut 54 ex- 
primit fs ure in qua fingula denominata per Lincolus in decem in- 
terſtitia equalia aiſcriminatum punttis notats ſunt, ficque regula 
fiducie quodcungue hborum inter obſervandum tranfiens ipſum mi- 
nutum gradus, quud quer ebatur promit aut aliquot am ejus partern, 
prout ab hoc wel illo puncFo removert diſcernitur. Ht vero hoc e- 
tiam demonſtratum hic «addam ob ſciolos forte quoſdam qui ea que non 
ſatzs _—_ carpunt fic habe. 

In Figure 34. Sit A centrum Inſtruments ejuſque Semidiami- 
ter A O, aſſumitur autem Ol, Particuls in qua deviſio iſta per li- 
neas tranſuer ſas fit ea proportione que eſt 1 &. 43. qualis in meis 
Infrumentis ut plurimum uſurpetur. Cumque A | ponatur partium 
I 0000000000, integri canons majors Rhetics, erit earwndem Ol 
2083333233 »tpote pars quadrageſuma oftava raaii row | F. ft 
20% #4. 10',horum ſinus 29083779 Y 1. Sinw antem ſecundus 

coruniem 
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eornndem 4.2308. V Y. qui addites Pane O I fac 
NY 208375641. Intrianguloigitur NY1I ad YX reitangulo note 
ſunt duo Latera NY & Y 1. quare datur baſs I N 210396208. 
#14 cum angulo NIY 820. 3'. Lo". 47". cut additus IA 89", 50. 
conficit N1 A. 171%. 53', 10.47", Bafis vero N I in trianguls 
reffangulo N V | dividatur in decem partes _— #8 conveniant 
ani minuto 21039621 repreſentate per 1 B, que in triangulo 
obliquenzulo BLA. dantur] duo laters IB + IA. radia, uns cum an- 
gulo Bl A,qui idemeſt cum NIA 171'.53'.10". 47". prize reperto: 
quare innoteſcit angulus LAB 1.17 ".qui tant rc 

ret, its ut major [it ſaltem 1, 7". differentis ſane inſenfubili: ſi- 
_ militer ſi F | aſſumatur noven particularum erunt ex 138935 6587 
habebimuſque rwur ſus triangulum FI A in quo dantar duo laters Fl 
modo diff un una cumradio | A. & angulo F I A ab tiſdem compre- 
henſo velut antes exurgitque angulus | A F 9'. 1”. &". qui debebat 
eſſe 5 exatte deficiente in altimo minuto FN. 1". 6". Porrd ut 
circa medium taem tentetur quod nunc apud extremitates fecimm 
inveniuntur eadem qua antes primo Angulws I AH 5*, 3". 6". 
abundaens 3”. 6", Secundo Angulus N A H 4'. 56". 55" deficiens 
3Z".5". Patet itaque quod maxima differentia, ſrue adjettive , 
froe ablativs in hac pragmatia proveniat minimum quid ultre 3". 
quam ſubtilitatem wviſus acumen diſcernere in quocunque tandem 
inſtrumento nullatenas ſuftinet, que etiam per ſe otioſa eſt, quare 
fraſtra noaum in Scirpo Ss qui hanc noſtram ſatis accuratam 
diftributionis formans cavillari preſumant. By which *tis evident 
that Ticho underſtood an inequality, and what it was, and that 
ie was inſenſible, and fo not to be regarded. - Now 'tis to me 
very wonderful indeed that Ticho having thought of a way of 
calculating this incquatity, ſhould not think of an eafie expe- 
dient of reforming ir by putting-the Parallel Circles at unequal, 
but cheir due proportionate diſtances. And *tis much more 
ſtrange that Hevelizs ſhould (till affirmit to be a way yot Geo- 
metrical : For to any one that confiders this. proportion, the 
inclination of a Diagonal Line being given to find the erue di- 
ſtances of the Paralle! Circles that ſhall divide any affignable 
part thereof in any proportionafſigned: Nothing can be gore 
cage: and for more expedition uſe way be made of the Table 
of Natura! Tangents which is ready ca'culated to hand,” For 
inftance : Lee BC repreſent a Diagonal Line ſubtending an an- 
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chen” tie / 
genr'o' By ©." 
58; 597" ad the differences between the Tangencs of 88: go, 
38,51. 38, $2: 38, o2, $8;54. 38, 5s. $3,56. B38, 57, 
383 49. 33; $9. and'$9: ptvesPhe Diſtances of the ſeveral Cir= 
cles, C, 223 4567 $5 B: deſired, 

Since th&Reading of this LeQure, Dr. Wallis hath alſo de- 
ſcribed another way of finding theſe Diſtances, which he hath 
communie#ed'in a Letrer to Hevelivs, and I have prevailed 
with'the faid Dof@orto permir it to.be here printed, being very 
ingenious and accurate, and proceeding by a differing me- 
thod. 


Dr. Walls his Letter to Heveline, 


— (SED & oft cur communt omnium Literatorum nomine rebus 
\ Jpreſertim celicis andifForum reddem gratias tam ob immen- 


ſos ins.iamto appar arts ſunptos erogatos, tem pretiofing conquirends ſa-- 


pellettilems Aftr onomicams, graphice hic deſcriptam, tum ob inde- 
feſſes tabores, inſomnes notes dieſqz occupati(/imzos caleſtis acqui- 
rendis obſervationibus impenſos ; quarum vim ingentem, Theſau- 
ram. ſuprs aurum & Mar garitus pretioſim erudito orbi jam ante de- 
deyis, V2 dutwyes tries; verum non eft wt ſperens me _ 

qwere poſſe tus merita, qui ex'Srivate pene'[umptos pls A 
0s ras onuſq; ſoſecepifts new infeliciter, rxomiogrhn- 
(ne Atlanteis dicam) formidandam. 

Operis partem maximan jam evolui, miratus inthi taunts motis 
Inſtrumentorum inge niofiſſimum regimen, O- ſubtiliſſimam avvi- 
adminiſtrationem, cum pars diligentia conjunct ans in Re- 
gulis > Dioptris ſolicite curawass, c> quidems fi hoc decſſet reliquus 
in caſſun cederet labor ; quippe exiguus & vix evitabilis in Re- 
gulis aut Dioptris error, totuns Inſlyumentum vitiaret, omneſy; in- 
ſeeret obſeryationes, ſed fingulic immorari non licet, unum tame» 
Tg atfingam breviter, nempe drviſienes per Lines Diagona- 

s, circulos in limbo concentricos oblique ſecantes. Hance aivi- 
dendi methodum jam dis receptam, ipſe retines & quidem mcrito, 
circulosq; hos concentricos equalibus imtervallis disjunitos habes, 
quod quam in exiguorum. aut eriam mea ider fun Ae 

imbi 


gut of 17-40 rhie"Cemer&; protiuce the ſaid Line BC to F,and 


angles 'B & be oje Degree, then is. BE the Tan- 
o'r Radius A-B. and EC is the Tangent of 
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linub1s latiovibus aliquid erroris poſſit ipducere in tis tames tang 
arplitedinis In/trumentis cuns ttm 


tn rette.monts). nihil qui 


| nds quod in 0c 
currere poſſit..  Hactamen oc 


e libet bic ſubjicere; 
re jars olim (circa A. 1650, _ 65T1,) atria 
auver ſaria meg nunc reperio : nempe fi quis vellet minoris Inſtr u- 
mextt limbayn latiorems Lineis Dtagonalibus fic droidere, quibus 
intervallis oporteat concentricos illos circulos diſponere ut 'angules 
invicem equales deſignarent ille cum tranverſali imterſefFrones 
calculs Trigonometrico determinare. 

Divifto arcus in limbo quadrantis ( aliurue ejuſmods Inflra- 
ments) per circulos concentricos & rettam Diagonalem, fit Ia 
titudo limbi (REE) L, Radins cirents intimi (AR=) R, extim; 
(AZ=AL=) LtR=Z continentes angu/um (RAZ=) A, dividen- 
dum in partes quotlibet equales (quarum numerus n) re(Fis a,b,c, 
Oc. (quarum longitudo queritur facientibus ad RZ diagonalers, 
angulus a, b, y, $, Oc. adeoque angulus RAa= tA, RAb=2 
A: RAc=+ A; ec. fitque ARZ=O & AZR=zV., Datizergo 
erucibus R, 7. cum angulo contento A. (adeoque reliquorum ſumma 
OtV) inveniuntur reliqui O obtuſus V accutus.) Nam TtR. 
Z=R:: Ita tangens 25, tangentem 2-2 & 20+ 2 =O, 
deinde cognitis angulis O & 7 A (adroque reliquo a) cum trajetFo 
latere R habetur latus 4. —_— fina., R:: finus O. a. & pari 
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Praxis fit R=T, =o, 2.' Z=1, 2. Az10', ergo Ot V= 
175*. co', 9fY =$9®, 55\ tun ZTR=2,v. Z<Ra=og2: vt 


2-7 = 687, 5433683, 02, 5944427 = Fa Ys cut reſpondet 
angulys $93. 5'. 0”. 17", proxime. Ergo of 49:Y =o E179" 
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o': 0", 17". fere cuſus finis O, 0174511. nempe ideme qui ſarus 
o*. 59', 69”, + a 


Deinae ſecanuus fit A in 10 partes quarum quelibet ſit " of que- 
runtur i2utur a,b,c,get,g.h,i, xempe. | 
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Sin.8(0.$1:59-43- JO-0168694. Ra; 
Sitey( © 56:59:43» yg; ny 
Sin.('0 55-59-43« Jo.0162877. 
Sin.s ('0 54-59-43 J0.015996g. ) 
Sin-Z('0 53-59-43- Jo-0157060. ) 
Sin.n (0 52459443. 154.152. 
Sin.3( © 51-59-43. -0151243. 
Fin (0 50-59-43. J0-0148335-) 


Sin O=0,0174511. 1.03 
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Praxis alters fit R=1, L=0,1, Z=1,1. Amro" erge. = 


0+V. 
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and poſſibly migjit-be the ſame that Tichs Brabe contrived to 
compendific that of Nowdey.. FSI657, % 

The way then is this," deſeribed by Hevehiss , pag, 141: 
- Daadrantes ESO _—__ ſunt adornati, ut —_ cor 9m 
tant um in integres grades diftinxer im, que ut hes diftinitie 
201 nemini uy videater, laffcit rames affat im com- 
monſtr endis fingulis minutis yrizvis; dummods (culs ex com 
try appenſi extremitas limbums [iringens in cert.as periienlas fit ſub- 
doiſe imo is de quo.nem nemo ſane hoy es x06 
| hec rudior limbi ſabdi fs ſuſficiems exbibendis fing 's 
primis ſed etiam pro denis quinis quinetians fingulis 's £28 Mid- 
Joribus organis {i videlicet noftrum lnſtrumentums direltorinum adhi- 
beas. Qpertet ut inferior illins pars enriojiſime & leviiſime fit Li- 
mats & levigats, ut lambum tetun £quabiliſſime quidemtang at ſed 
nullibi nimis adhereat ; tum quovis loce liberrime pendeat «F dr- 
vifionis tam quadrantis quam perpenaiculs —— rite deſcer- 
mere valeat. Dividitur autem find perpendiculum has rations, 
fvideliget fpatiam 31 ſemigr aduum in limbo perpendiculi accura- 
tiffume denotes; Wk primun in tres equales partes, rurſum quam- 
libet trientem in decem dividas ;, atq; its ovtinebis ſpatiola-panis 
admodum ampliors quam ſpatiols unins ſemigradus, quis imterca- 
peas 31 partium in 30 tranſmutats neceſ[ario finnt modice amuplic- 
res. ' Attamen fi divifiones diculi ad limbun quadrants 
accedant cires extremitates perpendiculi, diſcrepantiols la diuifie 
num bh invicem vis 4c ne VIxoogn(citnr ; circes medierd em vere 
ndiculi ſatis evidenter, In meato limbo cult > di- 
viſionum parvulus index & quidem inter 1.5 & 16 fpacioluns con- 
Puvitar pro diſcernendis imtegris CF [em gradebus ; quos Aacurate 
dit us index indicat, quando totum fpetinn perpendicnls in 30 per- 
tibas drviſum in ipſo limbo quadrantis ſhabiu 3 1 Do 5 Oh 
ſebtendit. Eatamen expreſſes lege fitotum lnſbrumentum abſolute 
ab omni parte fit conflrutium ; quando vero ifte index panxillun 
promotior exi(tit imtegro aliquo vel ſemuigradu certifſimum eſt 1nd;- 
cigm, obſervation iminuts quidem adberere aut integro aut ſemi- 
gradui adnumerands, fi index buit vel ills vicimuar eſt... \ Cogneſci- 
Fur aut ens minutorum numer ex e0, quand lineots aliqua diviff- 
onwn in perpendiculo cum una aliqua in limbe quadrants pror ſus in 
#nam candemy; coincidit reffam, Nunquanm enim. nifi unica li- 


neols in perpendiento cum altera in quadrante, fi exquifue peratts 


ſunt 
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ſunt apnix enmmene concurrit. In ifto igitur utriuſy; lincole 


ſu a6 104 E4GCg; Midelicet conftitmirer lines oft terminus 
5p forms minutornnm. vel integro. gradus vel ſemi gradui aaheren- 
110078. | 


This ſame way is alſo made uſe of by Hevelins, for the Divi- 
fion of all his larger iaſtruments, as well as for the Diviſion of 
chis ſnalier, by fixing it upon the Perpendicu'ar, as he aiter- 
wards.mentions, cap.15. peg. 307. where he alſo givesa fulier 
- defcripticn Of ic, crowhich | refer the Reader. 

The-way indeed is exceeding ingenious, and very much im- 
proved by Hevelzws, bur yet at the very beſt it is very diffi- 
cu';, both to wake the Diviſions, and wuch more d:fficulc to 
diſtinguiſh them, as may be p'ainly enough ſeen even by that 
verySpecimen publiſhed by Hewelizs; in the firſt and ſecond 
Figure of che Plate T. eſpecially if it be viewed with a wagni- 
fying Glaſs or Lens; and [ do wonder that Hevelize did not 
all chis while chink of making uſe ofa Lens, tomake the D.vi- 
fions and Diſtin&ions appear more plain, withour which Se- 
conds are not to be diſtiagniſhed, by theſe kinds of Diviſions 
even inan Inſtrument of zo foot Radius, and by the help of it 
they may be made and diſtinguiſhed, in [ſoſtruments of a quarter 
that buik, ashe way find, if he pleaſe to make uſe of the ſha'- 
loweit Obje&-Glafs of char Microſcope which: he had from 
London ;; he may; Ifay, by looking upon the Diviſions of the 
firſt and ſecond Figures of che Table T. with bis Microſcope, 
plainly dete& how far thoſe Diviſions. are ſhort of accurar: - 
neſs, ard how-many faults and inequalities the naked eye and 
unmachined hand do commir. | 

It is therefore one of my ways for dividing and diſtinguiſh- 
ing Diviſions, to make uſe of one, two, or: three Lenſes, where- 
by not only the eye is very much caſed, bur the judgment is ve- 
ry wach augmented, and the hand direfted, as I ſhall after- 
wards explain, when I come to. ſhew ſome particular ways of 
making Diviſions. 

But becauſe this BexedsdFvus Hedrens, from whom Hevelins 
affirms he recetved this invention of dividing the Limb of the 
Quadrant, was not ſo ingenuous as to confeſs that he received 
this invention from another, and becauſe perhaps the Bcok be- 
ing ſmall, may have been long ſince loſþ and forgorten, having 
acciden'a!ly 
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accidentally met withone, I ſhall acquaint Bevchas, thatene 
Pierre Vermier (as he calls himſelf) | | 
ſa Majeſte as Chaſtcas Dornans, Gon ,"- -General de "ſes 

\ Monnoies 1 Conte de Bourgongne, printed ac Brsſſels, by Bra. 
cs Vivien, 1631. (co wit 12 years before Hearess) a Treatiſe 
in French, which he calls, Ls conſtru ton Plſape & les 7 
etes du quadrant nowveas Mathematique, comme aulfs ts 
ft ion de la table des onus de minate 'en minates ſurcefirvement par 
un ſeu! maxim:. De p/us un abrege deſdiths tables 'on wne perite 
demi page avec ſon uſage : O finallement ls methode de trowver les 
angles a'un triangle par la cognoiſſance des coſtez, & les coſtes per 
les angles ſans Vayde d axcuwe table. Inwhich he hathac large 
and very p/ainly deſcribed this way afadiridug! 
ec» what accuratene(s is defired, and pretends it:to be, as poſ- 
ſibly it was, an invention of his own. 

But co return where | left to Hewvelawe his Diviſion on the 
Quadrant by che help of the Braſs :arm, 1 lay, againſtthis way, 
belides what [ have a\ready:mention'd, 'I have a ſecond 
Gion, and that is,that it requires anoſt exceed imp great curio- 
ſiry and care to make that Metal Pendulum or Plumb'of Brafs, 
ſoas to be exactly of equal ng” make on both ſides of the 
ſuppoſed middle Line, farif it be gore ſo, it eaſily 
not only ſome Seconds, 'bureven Seng Friar Are anal 
Perpendicularity, andvif ſo,” is ro little! purpoſe all-che fdr 
mer curiolity about Subdwifions. | | 

Thirdly, The Perpendicular ought alwayes to be keptivery 
clean from Duſt, for if a hietle more Duſt fercie onthe one fide 
then on the other, the Perpendiculavity wilÞbe iviviaced, agd 
all the curioſity elſe abagrthe Obſerrationwitibeloſt, = 

Fourthly, If the -Pin"oh which this Braſs Perpentlicular 
hangs be not of ſome bigneſs, - ir may'exfity warp. orbend; and 
if it be of a conſiderable bigneſs, it will notmoveexRily, and 
conſequently the Plumb will-not hang-render/bur tiff; davborh 
which caſes it can be of no uſe in the World-ar 'aftvaywomical 
Obſervations, Further, #f it tangy foot wpan the Center, 
which it mat do to hang tender, then there will ty as marerial 
an Obje@ion againſt it, for irsnortmoving trace wpoly' heCen- 
rer of the'Inſtrument ; and therefore upon the whole murcer I 
conclude it to be an favention indeed of great ſub \ouſiey 2hd 
ſubtleneſs 
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7s Y 
dr Aftronorily, to which Heve- 
*eer therefore have been content 


o have f | kand'made uſe of a common Plumb 


Dine anc Diegara! Diviſion ere: there 1s occaſion for them, 
for that is rue and praficatHy capable of exhibiting the Subdi- 
viſions of a Degree, as Mintte;as are neceffary ro commonSights. 

In the next place; before-hig leaves the Deſcriptions of 
theſe three ſmaller drants , he mentions an Invention 
of his 'whereby he fixes the- Quadrant in any altitude , and 
eaſily moves it  ieadily into” any poſture defired by the help 
of Screws. This Inventon-of his own contrivance he doth 
indeed very highly appland; inſomuch that he believes no good 
Aﬀronomical Obſervations*can be made without it, Bur he 
muſt pardon me if I am notaltogether of his mind ; I grant in- 
kn: the thing 1s exceedingly convenient, in compariſon with 
uſed, if it be welt made; and that the way of applying it 
Quadrant be very fact! and eafie. But tis notalway ſo 
eeceliity bag that Obſervations way beas conveniently made 
withour it, as I ſhall afterward ſhew, in the Deſcription of the 
moveable Axis, for continuing the [nſtrument in the Plain of 
the Obje& , Whether a Diftance'or an Altitude be to be 
taken. 

In che next place 'he proceeds to deſcribe his large Qua- 
crant'of Braſs adjuſted foas ro take Attitudes and Azimurhs-, 
of no on he makes a full 'and- particular deſcription; s bur' the 
poi rhing that is new in ir 15% that" iyftead of a 
y Tihs for lifring and moving the ' Arty with' 

pena uſe of 'twq Lines poyst* with Piumbets, by: 
Vie » of this of that'of which'he tsable to raiſe or fink 
the Riiler with Sighrs, a!l the reſt of the contrivance be'ng 
to make it ſtand perpendicularly inany Azimuth, which [think 
LY done to greater. certamty with Jeſs trouble, by away 
L afterwards ſhew : As an, Efſentia? pare of this-Toſtru- 
r, he takes 6ccafon to give the defeription of the-Torret 
bervatary whichhbe built for it, and: the fevers contri- 
vatceaabout ict, which» I now omit. __ 

The ufe be made of this Inftrument was for the raking the 

Me 1d12n Altitudes of the Sun; of which he affirms tot have 
rake a very great number, efpecially ſich as were of princi- 
Pa: 
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pal uſe for the regu'ating the mation of the Sun: Such as the 
Solſtitial and ZquinoGiial Akitudes, of which I bope we may 
exped an account in the ſecond and third Part of his Marking 
Celeſtis, I know notto what exalineſs he hath proceeded in 
taking his Meridian Alticudes of the Sun ; bur had he 
in the way by Teleſcopes, he might have taken all his Alti- 
tudes of that kind rom ſingle Second, with great caſe and cer- 
tainty, 

And upon this occaſion I hope it will not be unacceptable 
towy Aſtronomical Reader to hint a very expeditious and ex- 
ceeding accurate way of making a Catalogue of all the viſible, 
as well.as the moſt conſiderable Teleſcopical Stars of the Hea- 
ven, For the doing of which there will not need a tenth part 
ſo wuch time as for the other wayes that have already been 
made uſe of, and yet will very much exceed them all in accu- 
rateneſs and certainty. The way then in ſhort is norhing but 
this: Let there be made a very large mural Quadrant, or rather 
Semicircle, of 3s foot Radius, fixed exadly in the Meridian 
againſt a Wall made of ſquared Stones, well joynted and cramp- 
ed together,. and ſerled on a foundation very firmand ſolid, to 
prevent all manner of ſlaking and ſwarving. Let the rim of 
this be made of Braſs Plates, ſtayed in their due poſture by 
crainps or. bars of Iron fixed in the Wall, by running them wich 
Lead : then having divided this Semicircle into 180 Degrees , 

and ſubdivided each Degree by the helpof Diagonals, on a flat 
and well poliſht Plate of Glaſs, according to the way [ before 
deſcribediinto.Minutes and Seconds: adapt to it a 30 faot Te- 
leſcope, ſo that the Tube ſhall not warp, nor the Glafies devi- 
ate out of their true poſture ; the. Focus of the Object; Glaſs. 
make to be exa&ly upon theedge of -the Braſs Limb, fo that by 
the help of the Eye-glaſs, which 1s a deep Convex, the puntu- 
al plage or a'titude of a Star to a quarter of a hairs breadth, e- 
ven toSeconds of a Minute, may be. diſcover'd : the croubſe 


of dividing this Quadrant will be no Jyore chap of .one of an 
Degree {i 7 ad 
te 


ordinary Gze, the ſubdiviſion of ane | 
examining all the reſt. The way of making the Tube. 0 
Teleſcope ſoas not conſiderably to bend; may be done ſome- 
what afcer that way of ſtiffning the Tubes. of very long Tele-. 
ſcopes, which I communicated to Heve/axe, and you will find 
| at 
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at large deſcribed inthis Treatiſe of Hewe/ay : Save only, that 
intead of Ropes which I firſt made uſe of, | rather commend 
ſo-many Braces of Wood. Now though notwithſtanding all 
the Diligence that can be this way uſed, the Tube do ſome hat 
bend ia the middle, yer it can be of no wanner of fignificancy 
a$ (© the vitiating theObſet: vation;ſince firſt, theQbjed Glaſs al- 
ways (tandech in che ſane po.:ure as to theCenter,and ſecondly, 
the Focas thereof is exadt'y in the edge of the Limb. 

Fucther,to prevent the inconvenience of looking up or igany 
other uneaſie poſture by the help of a reflex Metal one way al- 
ways look Horizontally,that is, perpendicularly to the p!ain of 
thc Wall or Mural Quadrant. And to prevent the trouble and la- 
bour of moving or lifting the Tube by the help of a long yard 
poyſed upon Centers on a Frame before the faid Inſtrument, 
bocks:he Tube & Arm for theS1ght,and the Seat on which theOtk- 
ſervator fits, may be counterpoilſed, ſo that by turning a Win- 
die, he way eaſily raiſe himſelf with the Tube to any poſture 
deſired, The Object G'aſs is jaſt before the Center, and the 
Eye Glaſs looketh direcaly on the Diviſions of the Limb , and 
there 15 nothing to (train or ſtir the Inſtrument ic ſelf, hor can 
the warping of the Tube, if there ſhould be any, have any cf- 
fe& on the Obſervation : Ot this I may ſay more on another 
occaſion. By this means (in one Nights Obſervation) the De- 
clinations of ſome hundreds of Stars way be taken to a Secoad 
by one ſingle Obſervator, having only one or two Aſſiſtants to 
write down the Obſervations as faſt as wade, And at the ſame 
time the right Aſcenſion of every one of them may be taken by 
the help of a very accurate: Compound-circular Pendulum 
Clock, which I ſha'l elſewhere deſcribe, denoting even to 

vf a Second of time the appulſe of the Star to the Meridian : 
There needs indeed great exadneſs in every part of this Appa- 
ratus, and 'twill not be done without a conſiderable charge,and 
wuch labour and di.igence in the performance thereof ; but if 
we cowpare it with the methods and wayes that bave been hi- 
therto uſed, we ſhall certainly fand that the Obſervations will 
be near 3o times more accurate, the charge nut a quarter, and 
the labour not near a tenth part ſo muchas in other wayes made 
uſe of by Ticho and Hevelizss And though ic may be objeQted 
againſt chis way (which indeed he be much more ſo againſt 
any 
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any other) that the reftaQion of the Air will confiderably vary 
the Declination of ſuch Stars as are very far South, yet ſince 
the ſame Inftrument affords a way beyond any 1n the World 
for the diſcovering the ſeveral RefraGions of the Air at ſeveral 
Altitudes above the Horizon, to the accurateneſs of a Second, 
by taking the Altitude of ſuch Stars as never ſet in the North, 
in the greateſt and leaſt Altitude above the Horizon ; a Table 
of ſuch RefraGions will eaſily reGifie the Declination of the 
other Stars toas preat accurateneſs, This Subjed doth deſerve 
a much larger and more particular Deſcription of every Branch 
thereof, and the Incouragement of ſome Prince, whoſe Name 
and Honour will thereby be Regiſtred among thoſe glorious Ce- 
leſtial Bodies to all Poſterity , and the ſucceeding Learned 
World will be obliged to celebrate his memory, Bur I fear 
this Age will hardly yei!d another Alphonſus, another Ticho, or 
another Hevelizs, who have not ſpared to expend their utmoſt 
Indeavours in performing this task, though by other methods. 
But leaving this for another time, I ſha:l proceed. 

In the third place then he goes on to deſcribe his great Ho- 
rizontal voluble Braſs Quadrant, of which he ſays, he does 
not believe that ever the like was made by any, if the ſplendid 
Apparatrs and the whole Fabrick thereof be confider'd. Itis 
in Diameter fix foot and an half, .and ſerves, as he affirms, to 
take Altitudes to Seconds; bur yet he is neceſſitated to allow, 
that it is ſhort both of Ticho's large wooden Quadrant, and of 
his large mnral Quadrant; nor do I ſee any reaſon why Ticho's 
mural Quadrant ſhould not take Meridian Altitudes ſomewhat 
more accurately, fince I believe his Sights every whit as good, 
and his Diviſions altogether as exa& ; what he might fail tn di- 
tpence, I cannot ſay. Ido believe this Inſtrument to be an 
exceeding good one of the kind, and that he hath from much 
praQiceand experience found out many contrivances, in order 
to the making it convenient to make Obſervations, and he hath 
not ſpared for coft, pains, ſtudy and induſtry, for the com- 
pleating thereof ; but ſtil] whether he bearrived to the greateſt 
perfe&ion, or to ſo great as to take Altitudes to Seconds, ſeems 
to me very dubious, and ifhe made uſe of the Sights before-de- 
fcribed, wholly impoſſible, For firſt, a Degree upon the 
Limb is but about * of an inch, and conſequently a Minute is 
CP bur 
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but the 5oth. part of an inch, and a Second but the 300th. 
part of an\inch, which he that can diſtinguiſh with his naked 
eye, 'hach better then, or 1 fear, any man now living, Short- 
fghted men, T grant, can do much toward the diſtinguiſhing 
very minute Diviſions, by-being able to bring the Obje& very 
near the eye, but the moſt ſhort-ſighted muſt be yer very much 
ſharcned by Glaſſes, before he will be able to diſtinguiſh the 
39vorth. part of an inch, and when he hath diſtinguiſhed ie, 
which he may poſſibly da with a Microſcope, how will he di- 
ſtinguiſh of the Penumbra, which 1s not certain even to a Mi- 
nuce? And though it may be ſaid, it is the ſame, round the 
Circle, and the Circle is the true bigneſs of the Snn, ſo that if 
a Circle of a bigneſs, anſwering to the Diameter of the'Stn, 
and rhe Diſtance of the lower Sight from the upper be deſcri- 
bed on the lower Sight, it muſt bound the Limb of the Sun, 
and that conſequeatly it will be eafie to diſtinguiſh when that 
Circle is perfealy fill*d with the figure of the Sun, admitted 
chrough the hole ig the upper Sight. I anſwer, That this ſeems 
very probableand eafie, and is indeed believ*dand aſſerted ſo 
by Optical Writers ? But yet 'tis quite otherwiſe; for not to 
mention that there is confeſſed by all, that the Penumbra of this 
Circle muſt be as big at leaſt as the Diameter of the ho'e above, 
rhrough which it'is trajedted, which cannot be leſs then a Mi- 
nute ; I ay, that experience doth demonſtrate that it is quite 
otherways, and that the Limb of this Image painted onthe low- 
er Sight 1s terminated with a Penumbra, which is ſometimes 
five or (ix times bigger then the Diameter of the hole, and which 
is yer ſtranger, the ſmaller the hole be, the bigger is the Pen- 
umbra, and the bigger Ctoa certain Degree) the leſs, bur there 
15 no bigneſs which will take it off quite, and the Diameter of 
the Sun that way taken, 1s ſometimes bigger and ſometimes leſs 
then it ought, and that to a very confiderable quantity : Of 
which, and ſeveral other very ſtrange proprieties of Light, I 
ſhall hereafter fay more on another Subje&. _ | 

Byt to proceed, That he hath made this Inſtrument his 
chiefeſt, you may perceive by his patherical deſcribing thereof ; 
for he ſays of it, pag. 184. Ad commodigrem hujus quadrantis 
 #ſum tot ac tot adminiculs recens excogitata atq; huts organ appli 
cats fuere, ut neſciam 4 quibus primum inchoare debeam, mo 
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etiamfi vel maxime velim,nullo tamen mgdo omnis O- finguls ades 
perſpicue wel delineare wel deſcribere potero, ut univerſs preprimis 
qui fimilis haud ipſimet oculis uſurparunt quetu recte ac plane in- 
zelligant, quinetiam credas wvelim utus aiis ſunt attentiores atq; 
* hujus rei bene gnaros, aliquoties ſane hocce Inſt) umentum wviſuros 
wntequan dimidiam tantam partem acbite auimaavertant as ple- 
niſſime comprehendant. LD uippe & verum fateor mec ipſe ego licet 
ua ex meo ſolo certbro prodierint ac confetta fucrint, poſſem 
adeo diffinite tibi cum ſub aſpetFum ponere niſi mihi hocce orga- 
num ſub oculs aſſidue verſaretur. Nihilotamen minus dabo ope- 
ram, ut quantum fieri poterit ailucide omnia proponam,reliqua vert 
exercitatis cali metaloribus wulterius rimanda & perquirends 

commit 4m, &C. | 
Andſo he proceeds with the Deſcription of this Quadranr, 
and the Apparatus about it, and farſt, heteils us of the weigh 
of this Inſtrument, that it was 8o /, Next, of the ſhape of the 
Turret ia which it was fixt, which is indeed very. convenient 
and ingenious, it being ſo contrived, as to be voluble or con- 
vertible upon Truckles, having one only fide open, and in- 
clos'd on all ſides elſe, ſo that neither the Obſervator nor the 
Quadrant was much expos'd ro the injury of the weather, 
which is indeed of n9 ſmall uſe in Aſtronomical Obſervations. 
But this way be done many ether ways a:ſo. He tells us fur- 
ther of the admirable and prodigious uſe of Screws,. inorder 
to the ſetting and faxing the ae A Next, As to the giv- 
ing a motion to it,. in order to follow the Sun and fixed Stars 
in their divrnal motion. Thirdly, As to perform all the Sub» 
divifions of a Degree, not only into Minutes but into ſingle Se- 
conds. To all which I ſay firſt, As to the uſe of the ſmall 
Hand-ſcrews, I do grant, that in ſome caſes. they way have 
their conveniency, as to the moving and ſtaying the Inſtru- 
ment. Put then fince he is fain to wake uſe of two Screws, 
whereby bath the hands muſt be imploy'd to manage theſe 
Screws, I judge them too troubleſom for that uſe, and that 
chere'isa much better way, whereby the Quadrant being-once 
ſet- into the- Azimuth of the Stars, it ſhall continue to Ee ſo, 
and £9 move along with it, without any trouble to the Okfer- 
. vator, fo long as the Obſervator hath occaſion. to have it re- 
wain {o, which (that I may hint that only now by the By) isa 
ſmall 
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finall Automaton, which ſhall continue it for wany hours ex-. 
ay, in che Azinuthof;che Star defixed, of: which more here- 
after. E >iq | 
Next, Whereas he affiems this way capable to ſhew Seconds 
as well as Minutes, I gragc it way be capable ; but then ] muſt 
further affirm, that he. hath. not at all ſhewed how that can be 
done, nor is it indeed feaſible in his way, for he ſhews us net 
any way how to ſet it,, that is,. fix. it certainly to any Degree: 
Now if he be not ſure in the fixing it exaGily coa Second, up- 
on that Degree where he would; begin his Diviſion,, *tis a vain 
thing to be ſo accurate in the other Dimenſion, for he cannot 
be more certain, ( let him be never ſo curious in the Subdiviſi- 
on with his Screw) then he is certain in the firlt Exing of his 
Screw to the Degree, for whatever he varies from the Degree 
in the ſetting, he varies ac leaſt as much in the Subdiviſions, and 
conſequently unleſs that be ſome ways taken care of, which I 
donor find, 'tisa nicety withour uſe, 
To canclude therefore, I ſay, the Frame of this Inſtrument 
is extraordinary good, and by the help of ſome additions, as 
to.the Sights; DiviGons, Perpendicular and EreQion, , wight 
be made as good as need be deſired for any ule in Aſtronowy, 
and 4o times better then what it -is now made and deſcribed by 
Hevelixe, or then any I have yer heard of to be made in the 
World, Butas-it 1s, .it is not more exadt then the large [nl(tru- 
ments of the: Noble Ticho Brahe, which he uſed 100 years 
fince, and much ſhort of his mural Quadrant,. for taking Meri- 
dional Heights. | 
He proceeds to the Deſcription of his new and /arge Braſs 
Sextant offix foot Radius : The Sights and the Diviſions tkere- 
of are in nothing differing from thoſe of the Quadrant, nor do 
I find any thing very conſiderab'e in the Neſcription,thereof ; 
it was made uſe of by two perfons in the ſame manner as the 
former Sextant, and like that of Ticho ; but what gragd incon- 
veniences do. attend that way of Obſervation, I ſhall after- 
wards ſhew, . when I come to explain how one perſon alone 
way be able to doit with leſs trouble.by half, and ten times . 
more exaGneſs, . | 
But'by the way, I cannot but take notice of what Heweliz 
ingeniouſly confeſſes, of the great difficulty there is in taking | 
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the Diſtance of fixt Stars from the Moon, which is from no+ 
thing elſe bur the imperfeRions of his Common Sights, and and all 
that difficulty vaniſhes, if the Sights be made another 
Next, He ſeems to'wake it a mach more difficult bufinefs, tO 
rake the Diſtance of the Sun from Femme, when fhe is ſeen in the 
day-time z but by a way [ ſhall hereafter ſhew, ic will not only 
be eaſie to take the Diſtance of. the Sun in the day-time from Ve- 
nu, but from eMars, from Fupreer, nay, from ſeveral of the 
five Stars, 

1 fhall paſs by therefore his Apparatus, which ſeems very 
great and chargeable, ſince TI ſhall etfe-where ſhew a ſingle, 
Plain way, without any trouble or perplexity, how the mat- 
rer may be quite otherwiſe ordered, much ro the advatitage of 
the Obſervator. 

As to what he afſerts of his' extraordinary care, diligence 
and pains, in dividing and examining the truth of his Inſtru- 
ment, I dono ways doubt 1t, but that he bath proceeded as 
far as it was poſſible for one to do in thar way he made uſe of, 
by D migh © have faved much'gf it, -if he had thought of the way 

Qtird on Glaſs, which I have already deſcribed.” Yet 

1d hve been very glad to have ſeen the Diſtances, which 
dean ung co have taken of eight fixr Stars near the Bclip- | 
tick, to wit, Lutide Arietis & Palilicii, Palilicii > Paley, 
Pollucis & Re ult, R ul; & Spice, Spice in manu Serpents 
711, in manu Serperraris ooh quile, Fe nt & Marchab, Matr- 
chab & Lucide Arietis, "and that to fd preat exafinefs, *35 not to 
wiſs one ſing'e Second in the whole Circle of the Heavens, ta- 
ken at eight Obſervations. For. to me, indeed.ir feems one of 
the greateſt affirmationsT eyer, wet ithat, ap4nptlef $ oe hu- 
manely impsſible,were jhere no RefigRion ih the Arr, and dig 
all the Objeas and" (ill inthe Horton, . bue"the Refra&tion 
of the Air, were it much. lefs theh ir is granted” by all, would 
neceſſarily cauſe a. variety ofa great fntberof Seconds. 'And 
I durſt undertake ro demonſtrate” it fo any, i orc Im" 4s any 


Geometrical P Propofitzoh, that it, 5 Ki poſſible for 
hitn, with a?! or any-of rhe' KEN he*hy eſcribed, to 
make any one of theſe Obſervations, to the cerfainty uf 39 $e- 
conds, whence if that pacertainty, bbs thnes wo hplled, it 
will follow, he cannotÞe certain in the whoſeCircle to 240 
Seconds, 
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Sebbnds,0n.4 Minutes, which how 'wuch ic. is ditering from 
one 


ond ,. map 3.0, 
had many other things to have added, which have occurr'd 


ro-me in; the peruſing of Hewelizs his Book, but.] will ay no 
more at: preſens es. way.of ObjeGion, having, 1 fear, wearied 
the:Reader, with ſhewing him my doubts and ſcraples, Eſpc- 
cielly about (he imperie&ionof that way. of Sights and Divi- 
ſions wade uſe of by -him: Only, to inake- fny Reader ſome 
weads for his patience, I ſha'l deſcribe a ſhort Apparatus,which 
[ baye contrived for this: purpoſe, and in the doing there- 
of,” ſhail be as plain and-bricf as paſlible the matter will, bear. 
Sibce the reading theſe LeGures, the Author having been 
aps, chat ſdme- conſiderable QbjeGiions had been. wade 
inſt che certainty and accurateneſs. of his loſtruments, god 
that I bad affirmed it impoſſible to perform. what, he had.pro- 
mifed i hits Books he returns his SENtIments thereof 3 in al 0 
to Mr; Oldenbrrg, to this effee : 

— Goteram percipio veſtrares nog. annes, miki eltipala; 
in ifto Dioptrerum negotio, de quibus in. machine mee calejtis 
pl tra 15 irattavt , verum etiamſi Gla. Hookius & Cla. 
Flamſtechivs «/ziq; phene aliter ſent tant axperiemtia tanen quot idi- 
ans me eavcuit atq;, enammun docet ,xem aliter ſe habere in 
magnis iltis organis, quadrantibus _ ſextaptibas 65: oft anti- 
bus tneprimis quaarantivus 2 altiq , dltisg , puddraent iLus re: 
gulis conſtrutt1s, que nempe aaee acliagioey commuveri CT inver-' 
ti (dum DioptreT A ch imo mullo mods paſſe. nt, 
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ws Eamen Examine agg 
via, tans Jupiter wint ſuſcipratur hallucingrt di 
tor. aj im qa ne nd efGantibus & ſex- 
tentibus, qua rtione examen iſind adev a6cur ate: unungqiudm Hon 
hand mag no negotts temporiſy, E_ DEI poſh, profecto noa- 
dum capio, vix adhuc ullum «liq ue mer xi 
qurdxam Inſiramentum 6 wel 5 —_— wipote ſext. oft ant. vel qua- 
7 ny reguls velquadrant. 1zim.cum pinnacidiis Dioptricis 
— 4d. calum felici. aliqud ſugce{[a adhibuifſe, & 
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vationibus tontinuo invigilaſſet fine dubio aliter ſeutiret, Hee 
negotinm enim non ſolum 61A quod ftelle d:ftin- 
Fins conſpiciantur (quanquam fixe ab eo qui viſt for; wp EXxCTEE- 
ratus eſt £que bene nudis oculis diſcernamtur) ſed au Inſtruments ab 
omni parte corrette commonſtrens, an pinnacidia Teleſcopics luſtrs- 
menty toties ad quaſuis obſerudtiones rite tmpont & tuts conſer- 
Vari queant ;, ae quibus quidem id omni tempore eque preciſe fiers 
poſſe wvalde dabito. Duare Clariſſimes illoswvires humaniſſime rogs- 
ros trols niſi jam poſſideant ejuſmodi voflfime organs utpote ſext. 
ottant & quaarant. Azim. Dioptris Teleſcopicis munits, caq; ca- 
lo continu0 admontant, ſuſpendant judicium panlulam, donec longs 
annorum ſerie experti fucrimt haud fuiſſe multotics egregie eluſos. 
Nam ex una alterave obſervatione quadrant. alique leviori perpen- 
diculo gaudenti obtenti, res hec non eſt decidends, ſed ſi quis per 
104 amplius annos aſſiaue obſervaverint, tum ab ovo ſeriam ſtel- 
larum reſtitutionem per diſtantias ſuſciperit, poterit quedam cer- 
tiers in medium hac de re proferre. De reliquo ſatis mirari ne- 
queo, eas omnes qui ejuſened: Dioptris Teleſcopicis gandent, non- 
dum locorum ſnoram, clevationem poli ubi degumt & obſervationes 
peragunt,' quantum ſciam refle & omnino preciſe determinaſſe 
ſtabiliviſſe. Huceſq; enim ad aliquot minuts integra Pariſus ele- 
wvatio poli nondum _ definite, alis quippe eandem obſervationens 
48. 49% alit5o'. alii5't', ahii 52, alit 57", alit 54", 55" imo am- 
pliorem adhue ſtatueront ©" ficuth legere rl ex diſcertatione Petri 
Periti de latitudine Lutetiz, ſed nols in bis prolixins eſſe;ad obſer- 
wationes ipſas provece, tempus aliquando docebit quoram obſervati- 
ones wntverſas accuratiores fuerint, fi modo nonnull! cenſuram ſuam 
eo u(q:; rejicere poſſent. - Nam video aliques inter ques etians Cl. 
F], awſtedit s iwvenirur, 'prout -ex Epiſtola ad Caſſinum epparer, 
ja judicium de noſtis qualibus obſervationibus taliſſe, prisſquam 
i114 adhuc viderunt examinarunt vel quicquam de tis cognoverunt. 
Nolo quidem vanns.efſe rerun mearum jattator, nec unquam mihi 
imginatus ſum rem in onmi iffo negetio circa ſeilicet reſtitutionem 

L /larum fixerum acu onnino tetiziſſe vel tangere poſſe. Sed 
hocre penitus mihi imaginor ft totum iſtud neget iums Dioptris Tele[- 
copicis ſuſcepilſem, quod non ſelum plurimos annos examintbus tri- 
viſſem, ſed ſþe ſine dubio varia via ( de qua hic non eſt diſcerend; 
locus) cecidiſſem. Exinde gratulor mibiiome ad cam ſententiam non- 
dum travſuſſe, ac memes methods unjverſa perſeciſſe ſe quicquid 
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eftituns Dei beneficio erit : an nibil amplins ( ut putet Cleriſ. 
F1 Redios) quem hetFenu &- quonſy, progreſſum faerit liberan 
erht eniq; cum dcinde viderit judicium ſuum exponere quinetians 
integrum erit «lium neuen integrum catalogums ſuperadditis tot ac 
tot centenis nonis fixis, hattenns neglettis alia ratione conflyuere : 
Verum nondum Video 43 curs hec moleſtiſſima, tediofiſſims ac la- 
borieſiſſima, que non nifi multorum annorum vigiiis ſuſetpi & per- 
621 poreft, aliquem adhac ſerio tangat. Unam aut alteram ſtellam ope 
eleſcopis vel Dioptrarum Teleſcopicarum, dum pracipuas ac majo- 
res fixas eerumgq; intercapedines ſupponimus ccrrettas ad debitum 
locum dedxcere, tum nonnunquam diftantias nonnullas ftellerum ca- 
pere hec ludicrs ſunt ; ſed omnes conjunitim ſecundum lougam & 
latum reſtituere, tum duits continuo ſingulis ſerenis dicbus ac ne- 
Hibus, lam altitudinum ſolarium quam reliquerum ſtellarum 0b- 
ſervationibus operam dare easq;, ls exponere at pateat motuum 
harmonis atq; Inflrumentorum certitudo, hoc artis hoc laboris eft. 
Daande ebſervationes 20 vel 30 annorum ſpatio continuat as ab 
wtreq; parte aliquando habebimus, nimirum tam que Dioptris Te- 
leſcopicis que ſolummodo noftris ex celo deprompte ſunt res 
omnino clarior erit. Imteres' quilibet ur ſuo. ingento, 4c ſe 
ratione pro libiturems temtet. Honori nobts omnibus erit pro 
modulo noſtre 3 Deo comceſſo, rei literarie incrementum varis vis 
promovere. | : 


To this Letter of Hewvelize | have this to anſwer, That the 
Author neither hath, had, nor can have any experience, to 
ſhew Teleſcopical Sights not to be as good as the Common, or 
that they are leſs applicable to large Quadrants , Sextants, 
Ocants, or Azimuth Quadrants, or to any other Quadranrs 
furniſhed with Rules, and fo fixr, that they cannot te eafily 
inverted, or turned, then they are to Quadrants or Inſtru- 
ments of 3 or 4 foot Radius. Noris hi; Reaſon againſt them 
of any validity, that no Obſervation can be made, without a 
repeated previous examination and reCification of the Sights, 
in which, ſays he, notwithſtanding all the care and diligence, 
there is a Reaſon of failure and miſtake, For firſt, I fay, 
There is leſs need of rectifying the Inſtruments or Sights, af- 
ter they have been once adjuſted, then of Inſtruments with 
Common Sights, all things being perfe@ly fixt, and ſo (ſtrong 
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as not eaſily to be itirred or removed. I now begin to fear, 
that he bath not a true notion of the manner of performing the 
ſame, otherwiſe he would never have propounded ſuch an 
Objetion ; and indeed he ſeems toſay as much in the following 
words, © ua ratione examen illud omni tempore commode O+ 
ſine magno temporis diſpendio inſtitui poſſut profetio nondum capio. 
Though I am very ſorry that he ſhould be ſo:for firſt, I thoughe 
I bad about 9 years ſince, explain'd to bim the vway,when I ex- 
horted him by all means to the uſe thereof ; at leaſt if he bad 
not underlitood it thereby, I ſhouid, upon his deſire, have 
ſent him a more ample and particuiar Deſcription thereof, or 
have procured an Inſtrument of that kind made and fitted for 
big here. Bur 1 fear, be had been ſome ways or other pre- 
poſſeſt or ' prejudiced againit thew, before [ writ firſt .unto 
him concerning them, at leaſt before he writ that Anſwer, 
whichlI have before printed in the 5 and 6 Pages, for thereby 
it appears, that he was then of the ſame opinion he ſeems. now 
to' continue of. And whereas he thinks, tbat no tryal hath 
ever been made of Teleſcopical Sights, to a large. lagſtrumene 
of 60r 9 foot, I do aſſure bim, (and I wiſ-remember, if I did 
not then acquaint bim with as much ) that | had then by we (6+ 
veral, and particularly one of Sr, Chriſtopher Wrew's ipventi- 
on, furniſhed with two Perſpe&ive Sights of 6 foot long each, 
which I made uſe of for examining the motions of the Comer, 
in the year 1665. And if the ſame thing can be better done 
with a Quadrant of 6 inches Radius, then he can perform with 
one of 6 foot the common way, I think he might have con- 
cluded at leaſt, that the ſame thing would be 10 times better 
done inone of 6 foot Radius, madeafter the ſame manner ; of 
this, I am ſure, 1 gave him then an account. - Now 1t 1s not 
with theſe kinds of Inſtruments, as ir is with Common Inſtru- 
ments, where 't15 not poſſible to make any better then one way 
be made of 3 foot Radiu:, becauſe that is capableof Diviſions, 
accurate enough to reach the power of the naked eye ; but In- 
ſtroments with Teleſcopical Sights, are capable to be mace ta 
diſtinguiſh minutes, ſeconds, nay fingle thirds, 1f they be pro 
portionably augmented. Nor 1s there any need that a wan 
muſt wake 7 years tryal ofan Inſtrument, before he can be cer- 
tain of the greater excellency thereof, for I can be as certain 
with 
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with 3-0r 4 times viewing an Obje& through a Teleſcope, and 
with my naked eye, that I can fee it bercer, and diftinguiſh 
many more and much fmaller parts in it throngh the Teleſ- 
cope, then I can with my nakedeye, as I could be, ſuppoſing 
I had been viewing it 20 years together. But yet I muſt af- 
ſure Hevelizs, my experience hath not depended upon 2 or 
4 tryals only ; I cannot chooſe but wonder why he ſhould be 
of that opinion, who hath not been leſs exerciſed inthe uſe of 
the Teleſcope, then any at preſent in Exrope : Poſſibly indeed 
his Teleſcopes were not altogether ſo good as now they are 
made, yet ſure I am, he ſaw more with them then any one can 
ſee without them, as will ſufficiently appear by his Phaſes of 
the Moon, Fupiter and Saturn. Bur Ihope he will not won- 
der at me, though I donow venture to affirm, without ſtaying 
Io years Or more to make Obſervations, that I can do more 
with a Quadrant, extant or Ofant, of 1 foot Radius, fur- 
niſhed wirh Teleſcopical Sights and Screws, then can poſlibly 
be done with any other Inſtrument, furniſhed only with Com- 
mon Sights, though 10, 20, 30, nay threeſcore foot Radius ; 
nor does it at all follow, that che Latitude of Paris is nor yer 
exaQly known, becauſe Monſieur Petit was ignorant of it ; 
but it rather ſhews, that Obſervations made with Common 
Sights, ( ſuch as I ſuppoſe Monfieur Perir's Inſtruments and 
others, before the publiſhing of his Book were ) are no ways 
capable of certainty to a minute or two. 

But I have done, and am ſorry I have been forced to ſay ſo 
mach in vindication of Teleſcopical Sights ; and that in the 
doing thereof, TI have been neceſſicated to take notice of the 
imperfe&ions, that are the inſeparable concomitants of In- 
ſtruments wade with Common Sights. Nor ſhould I have pub- 
liſhed theſe my thoughts, had I not found them ſo highy de- 
cryed by a perſon of ſogreat Authority, fearing that thereby 
other Obſervators might have been deterr*d from making any 
uſe of them, and fo the further progreſs of Aſtronomy might 
have been hindred. Nor would I willingly be thought to de- 
pretiate or undervalue the Works and performances of a perſon, 
ſo highly meriting the thanks of all the learned World, both 
for his great and liberal expence, and for his vaſt pains, care 
and diligence, in the performing a Work ſo highly uſefull ro 
E 2 Aitronomy 
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Aſtronowy and Navigation, and of ſuch infinice tedium, trou- 
ble, labour and coſt, to the undertaker. I do not in the 
leaſt doubt, but that it will bea Work worthy ſo excellent a 
perſon, of perpetual eſteem and fame, and much preferrable 
ro any thing yet done of the like kind in the World, and that 
he bath gone as far as it was poſſible for humane induſtry to go 
with In{truuments of that kind, and that his Inſtruments were 
as exa@, and cowpleat, and fit for uſe, as ſuch Inſtruments 
with Common Sights could be made, and that he hath calcula- 
ted them with all the skil and care imaginable, and deliver'd 
them with all the candor and integrity, Bur yet I would got 
have the World to look upon theſe as the bound or xox #/tr4 
of humane induſtry, nor be perſwaded from the uſe and im- 
provement of Teleſcopical Sights, nor from contriving other 
ways of dividing, fixing, managing and uſing Inſtruments for 
celeſtial Obſervations, then what are here preſcribed by He- 
velizs, ForlT can aſſure them, that I have my ſelf chought of, 
and in ſmall modules try'd ſome ſcores of ways, for perte&ting 
Inſtruments for taking of Angles, Diſtances, Altitudes, Levels, 
and the like, very convenient and manageable, all of which 
way be uſed at Land, and ſome at Sea, and could deſcribe 2 
or 3 hundred forts, each of which ſhould be every whit as ac- 
curate as the largeſt of Hevelims here deſcribed, and ſome of 
them 40, 50, nay 60 times more accurate, and yet everyone 
differing one from another in ſome or other circumſtantial and 
eſſential part. And that this may not ſeem altogether ſo 
ſtrange, I wi!l aſſure them, that I have contrived above 20 
ways for dividing the Inſtrument, each of them as much di- 
ftin& from each other as this of Heveline, aud that of Diago- 
nals, and yet every one capable of as great certainty and ex- 
aGineſs at leaſt, and ſome of them 100 times more. I have 
abovea dozen ſeveral ways of adjuſting the Perpendicularity or 
Horizontality of Inſtruments, all as exa& as the common Per- 
pendicular, and ſome of them very much more, even to what 
accurateneſs ſhall be defired, and yet each of theſe very dif- 
fering one from another. I have as wany differing kinds of 
Sights, for improving, direGing, adjuſting and aſcertaining 
the Sight, ſome of which are applicable ro ſome particular 


uſes, but ſome forall, by means of which that part alſo may 
be 
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' be improved'to what accurateneſs is defired. T have various 
ways of fixing thoſe Inſtruments, ' and appropriating them-for 
this, that, or'the ather particular uſe. 1 have various mecha- 
nical ways for making and working the ſeveral parts of them 
with great expedition and certainty, which'is a knowledge 
not leſs uſeful then the knowledge of the theory and uſe of them 
when made, there being ſo very few to be found in the World 
that can or will perform ic. I have a mechanical way of cal- 
culatingand performing Arithmetical operatians, much quick- 
er and more certainly then can be done by the help of Loga- 
rithms, which compleats the whole buſineſs of meaſuring An- 
gles. Theſe I mention, that I way excite the World to en- 
quire a little farther into the improvement of Sciences, and 
not think that eicher they or their predeceſſors have attained 
the utmoſt perfeQions of any one part of knowledge, and to 
throw off that lazy and pernicious principle, of being con» 
tented to know as much as their Fathers, Grandfatbers, or 
great Grandfathers ever did, and to think they know enough, 
becauſe they know ſomewhat more then the generality of the 
World befides: Reptat humi quicunq; vult, Celo reſtat #ar, 
Cele tentgbimus tre. Let us ſee what the -improvement of In- 
ſtruments can produce. 
And now to make my Reader ſome amends for his patience, 
1 ſhall give a Specimen or two, of each of the ſeveral parts 
that belong to the perfeQing of celeſtial Inſtruments : And 
this I ſhall do, in the Deſcription of an Inſtrument for taking 
all manner of Angles and Diſtances inthe Heavens, which if in» 
creaſed in bulk, is capable of as great accurateneſs, as the 
Air or Atmoſphere will ever permit celeſtial Obſervations to 
be made. Its perfe&ion conſiſts in ſeven ſeveral particulars, 
1, In the Sights, which are ſuch as way be madeto diſcover 
the minuteſt part diſcoverable in an Obje&, they do no ways 
ſtrain the eye, and are fit for al! Sights, whether ſhorr-ſighred 
or old,e&+c. 2, In the Diviſions, which are ſuch as will diſtin- 
guiſh the Angle, as minutely as the Sights will diſtinguiſh the 
parts or Objedts. 3, Inthe Sights, being ſo contrived, that 
with one glance of the eye, both the Objeds though a Semi- 
circle diſtant, are at once diſtinguiſhed and ſeen together. 
4. Inthe method of ſerting it exactly perpendicular to a Se- 
; cond, 


(46) 
cond, if need/be. '. 5. Inirs fixation and motion, icbeing fo' 
fixed and moved, -that if 'onge ſet £0: the Objects, it continues 
ro-move along with them, ſo long as 'tis necefſary to continue, 
or be. very certain of any Obſervation, 6. In its not being 
difficult to be made andadjuſted, and its not being withouc 
induſtry and deſign put out of order, and its being preſently, 
and with: all toneflechle caſe  redtified and again adjuſted. 
7. In its not being very chargeable. - Firſt, For the Sights, 
They are no other then plain Te.cſcopes, made with twe con- 
vex Glaſſes, an Obje& and an Eye-Glaſs, of what length and 
charge ſha]! be thought moſt convenient, fixed into ſquare 
Boxes or Tubes of Iron or Braſs, and having croſs Clews at 
the Focus, made with very fine Hair, or fatk-Worms Clews. 
One of theſe is fixed upon the ſide of the moveable Bar or Plate 
of the Quadrant, the Objed-Glaſs of which is next the Rim, 
and the Eye-Glaſs is next the Center, The other of theſe is 
axed upon the ſide of __—_ ne by ſeveral Screws, and 
care is taken to keepit from bending or tagging. This Tube 
1s madeofitwice the length of the former, and hath at each end 
an Obje&-Glaſs, each of them of the ſame length with the for- 
-. mer, and hath two Eye-Glafſes in the middle, the manner of 
ordering which I ſhall ſhew by and by under the third 
head. :; 
Bue' GrſtT ſhall explain the manner of fatting a Teleſcope for 
a Sight. Let aa bb inthe 12th. Figure repreſent a Tube,in 
which let p repreſent the part toward the Objea-Glaſs, 
whoſe Focus is at o, and let n repreſent the Eye-Glaſs, 
whoſe Focus alfo is at ©, let s repreſent the point, where 
the-eye being placed, the whole Eye-Glaſs n will beenlight- 
ned and fill'd with the Obje&, then make a ſmall! Tube about 
an inch in length, and of ſuch bigneſs as it will juſt lide within 
the hollow of the Tube aa bb, and croſs the Cavity of that 
{train ewo very fine Hairs or filk-Worms Clews, which may 
croſs each other in the Center of the Cavity, by the means of 
which Box, the ſaid crofling Clews or Hairs may be moved to 
and fro, till they are exa(ly placed in the very Focus both of 
the Objec-Glaſs and Eye-Glaſs, for if they be not there, the 
moving of the eye to and fro over the hole at s, will make the 
Threads feem to move upon the Objects, bur if they be exact- 
ly 
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ly in both the aforeſaid Focus's,) the moving of —_ 
not. atall makethe ſaid Threads feem tomoweupon the Objee, 
but they will appear as-ſeady and- fixt vd:ther Objett, as of 
they were (trained and faſtaedroir, And though they are ex- 
ceeding ſmall, even as finall as the Web of a Spider: or Silk- 
Worm ,-- they will appear very big and diſtin&, and much 
plainer and bigger then. a Thread/in the Common Sights, at 
the further end thereof, will to thenakedeye,. thoughabove 
100, nay Iooo times the bigneſs, which at the firſt glance 
will ſufficiently diſcover the vaſt advantage theſe kind of Sights 
have above the Commonones. Nor is this way of Sights at all 
confined, but may be made to diſtinguiſh the ſinalleit part of 
the Obje& deſirable, even the parts appearing to the naked 
eye, under the Angle of a ſingle ſecond or third of a Degree; 
which-is ſome hundred of times more curious then the naked 
eye can diſtinguiſh, without the help of them, for the Teleſ- 
cope can beinade longer, and the Eye-Glafs can be made dee p- 
er,, and according as the Teleſcope is longer;''and the Eye- 
Glaſs deeper, ſo' will'the ObjeR appear bigger, and more tni- 
nute parts be diſtingutſhed, the power 'of the eye being in- 
creaſed proportiombly to the length of the Obje&-Glaſs, and 
the charge of the Eye-Glaſs, and th&goodneſs of chem both. 
Now as S:ghts this way made,arecapable of 'the(greateſt accu- 
ratene(s deſirable, ſo-they are fo. appropriated. to: the eye, 
that they no ways ſtrain it, for'they:way beſo:ordered, as to 
wake all thoſe parts'thart are to be diſtinguiſhed, toappear to 
the eye under the Angle of 3 of 4 minutes, which moſteyesare 
able wel] to diſtinguiſh, without ufing:too much attentionor 
ſtraining to diſcover chew, This js no'finall convenience, : to 
one that is to. make many Obſervations'one after another, for 
the eye by roo much attention is apt to be: ſuddenly weary?d, 
and it doth very much harmand weaken the Sight, to endea- 
vour to diſtinguiſh parts ſo ſina!l, asappear eo the eye under 
the Angle of a minute, very few eyes being able to reach1t at 
all, and woſt athers not without much difficulty and endea- 
vour. *Tis further conſderable pon this account, that *tis 
fi:ted for ail kinds of Sights : For a ſhort-ighted perſon, the 
Eye-G'afſs may be made to flide a little nearer the Croſs in the 
Focus ; and for an vid or decayed Sight, the Eye-Glaſs may be 
moved 
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moved a little longer or further off from the aid Croſs,ar Fo- 
cus; for a dim Eye, the aperture of the Obje&-Glaſs may be 
augmented, and the Eye-Glaſs made ſhallower, or of a leſs 
charge ; and for a weak, tender and curious Eye, the charge 
of the Eye-Glaſs may be augmented, and the aperture of the 
Objea-Glaſs made leſs. And according to the ſeveral conlti- 
tation of the Obſervators eyes, the manner of Sights may be ac- 
commodated , which the other Common Sights without the 
help of Glaſſes, are no ways capable of, 

The ſecond thing wherein the perfeGion of this Inſtrument 
conſiſts, is the way of makivg the Diviſions, which I think, is 
far beyond the Common way, both for the certainty and caſe 
of making, ard ſecondly, for the plainneſs and certaincy of it, 
in being diſtinguiſhed ; nor is it capable of leſs accuratene(s 
for meaſuring, then the Sights are for diſtinguiſhing. And ic 
excels all the Common ways of Diviſion in theſe particulars : 
I. That it is wade certain and not by gueſs, we being not at 
all co depend uponthe care, credit and diligence of the Inſtru- 
ment-maker, in-dividing, graving or numbriag bis Diviſions, 
for the ſame Screw makes it from end toend, as you will fee by 
and by, 2. That the Diviſions are not at all difficult tobedi- 
ſtinguiſhed, and there is no uncertainty in the Fabrick, nor 
can there be any reaſonof wiſtake, there being nothing to be 
looked/after,] but the Numbers expreſſed io Figures at large, 
ſufficiently plain to any ane that can read the Print of a large 
Church-Bible. It excels the Common ways thirdly, upon 
the account of its Compendium ; for whereas by Ticho's or He 
velizs's way, the Inſtrumenc muſt be made of 150 foot Radius 
at leaſt, eaſily and certainly to diſcover and diſtinguiſh Se- 
conds, in this way it may be made todo ic within the compaſs 
of 3 foot Radius. And whereas incither of their ways, even in 
aa [nſtrument of 150 faot Radius, the Diviſons are not eaſily 
diſtinguiſhed and diſcover'd without the help of Glaſſes, in 
this way they are wade ſo eafie and plain, that a man cannot 
miſtake, that is able by his naked eye to diſtinguiſh Deciwals 
of an inch. Now that this is ſo, as I affirm, the Reader will 
eaſily. underſtand, if be conſiders, firſt, that the bigneſs of a 
minute is hard]y half an inch, in an Inſtrument of r50o foot Ra- 


dins, and conſequently the bigneſs of a ſecond is but — of an 
inch, 
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much by eater loa ani, wn or He- 
drews, yet if he conſiders what wha Frude now faid, he bo of 


much anocher mind, a Radius of ra foor but a 1 
of one of r 56, and conſequently ev#y 120th. pa Et pf orb 
beingno. leſs then r5 whole Seconds, Ac leaft, Fa fore, be he 
will be convinced that his own is nat true, if helook upon 
that Specimen of it which he hath printed in his Marhins Ce- 
leſtis, "in the PlateT, with a moderately magnifying Glafs, as 
I hinted to him before, He will farther underſtand the euch 
of my Aſſertion, ifhe. conſiders in the next place, that by the 
help of the Screw, Iamable to make the bigneſs of a Minute 
as much as [ pleaſe 3 for fince in an Inſtruwent of 5 foot Radi- 
us, a Depree Nihgwwhac better then an inch, 'tis cafie enough 
to underſtand, that there way be 30 Threads of a Screw in 
the length ofan inch, and conſequently there will be but 2 Mi- 
nutes.to fill up the whole Circle of the Index: Plate, and conſe- 
quently if che Circle be 7 inches Diameter, the Circumfe- 
rence will be almoſt 22 inches abour, and conſequently the 
bigneſs of a Minure not leſs then r 1, and the bigneſs of a Se- 
cond not much leſs then the 5th. part of an inch. Now the 
Tadex-Plate e inthe firſt and 1 1th. Figures, ſhews exaGly the 
number of Revolutions, and the Hand 8 in the ſame Figures, 
ſhews the parts of a Revolution, and both theſe in Characters 
large and diſtin& enough ; and therefore the certainty and 
truth of this Aſſertion cannot be further doubted. 

The way then for cheſe Diviſions is this : Make a Frame of a 
Quadrant of hammer'd Iron, after the manner expreſſed jn the 
firſt Figure, and in the Center . hereof fix or raiſe a hollow Cy- 
linder, whoſe hollow may be abour a 4oth. part of ieyRadins, 

| and whoſe convex part maybe abour a Zoth 3 leave this ftand- 
ing above the Plain of the Quadrant about £ part of the Radi- 
us, let the out-fide of this Cylinder be wade as exaQ'y round 
as 'tis poſſible to be turned or wrought, then make a Ruler or 
Plate, witha round halein itat one end, turned, groun'd and 
ficted exaAly about the above-mention'd Cylinder, and as 
G long 
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long as defign, the Teleſcope for the Sights of the Qu 
- . eng: on the Ord welt be has 
and ſteady upon the ſaid Cylinder : Upon the end next the 
Limb is to be fitted a Socket or Frame with Screws, to carry 
the Screw-Frame ſteady and firm, according tothe contrivance 
expreſt in the firſt and 11 Figures ; this Plate muſt be filed or 
bended at that part of it which touches the Limb of the Qua- 
drant, ſo asto lye obliquely to the Plain of the Quadrant, and 
to be parallel to the Plain of the Frame which carries the Screw, 
and upon the part beyond the Limb muſt be fixt with a Screw 
k, the Frame h h h, which carries the Screw 99 9, and the 
Index Plate tt ; the contrivance of this Frame hh, is to 
keep the Screw 9 9 9 cloſe againſt, and very ſteady to the 
Limb of the Quadrant, and is moved to and fro upon the 
Limb of the Quadrant þ b b, by the help of the Screw turn- 
inguponand againſt the edge of the Quadrant z and this Screw 
by reaſon of its diſtance from the center and eye, (the reaſon 
of the placing of which in that place you will underſtand by 
and by) being too far off to be reached by the hand, is 
turned by a ſinall Rod of Iron, 000 inthe firſt and 11 Fj- 
gures lying by the fide of the Ruler or Plate, which hath a 
ſmall Wheel qq, at the end next the Limb, by which the 
Screw is turn'd 'round with it, and hath a ſmall Handle or 
Windle p p next the Center, by which it is made convenienc 
to be ſoturned round. Upon the end of the above-mention'd 
Screw-Frame h h, is fixed a round Plate tt, 'which is divided 
into I, 2, 3, 4, Or 5 hundred equal parts, according as it is in 
bigneſs, and as it ſhall be thought convenient, which Diviſ- 
ons are numbred and marked accordingly, ſerving to ſhew 
what part of a Revolution is made of the aforeſaid Screw.z for 
the end of the Screw 99 9 coming out through the middle 
thereof,. and a Hand 8 being faſtned upon the ſaid end, every 
turn of the Screw doth make a Revolution of. the Index ypon 
the ſaid Plate ; and conſequently the motion of the arm made 
by one curn of the Screw, is actually and ſenſibly divided into 
1, 2, 3, 4» Or 5 hundred equal parts, which is ſo exceeding 
exat, and withal ſo Mathematically and Mechanical!y true, 
that *cis hardly to be equallized by any other way of proceed- 
08, This Deſcription will be wuch better 1nverſtod by 
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Let aaa aa, &c. repreſent the Frame of the Quadranr, 
conſiſting of 5 Bars, radiating from the Center, ſteadyed all 
of them by a Quadrantal Limb, and a ſtraight ſibtendi 

Chord Bar ; this whole Frame is to be made of yery 
Iron, partly welded and mat together with Braſs ; 
the breadth of the Bars may KEp the ſame Proportions ex- 
preſs'd in the Figure, and the thickneſs may be about r$0o part 
ofthe Radius in large Inſtruments. In the Center of this, out 
of the ſolid Bar, is tobe raiſeda Cylinder, as d d, expreſſed 
above more plainly in the 2d. Figace ; the out-fide of this Cy- 
linder is to be turned and wrought, as Founders do their 
Stopcacks, as exaQly as poflibly-it can be, and the end of 
the Iron Plate or moveable arm c c cc, ſhaped asis expreſſed 
in the 3d. and firſt Figure, muſt be bored and wrought upon it 
very well , ſo as they may turn exaQly true, evenly and 
ſmoothly, without any manner of ſticking or ſhaking, which a 
good Workman will eaſily perform. This arm being put on 
the Cylinder, is down faſt by the helpof a Screw- 
Plate, expreſſed in the 4th. and firſt Figures by e e, which 
hath two notches init ff, by means whereof a Handle gg in 
the 6th. Figure, doth readily ſcrew and mſcrew it, as there 
is occaſion. Between this ſcrew'd Plate and the hole of the 
Plate c c cc, isathin Braſs Plate, let on upon an $ fided part 
of the Cylinder, that ſo the turning of the Plate c c c c, may 
not haveany power to unſcrew the Plate ee, which otherwiſe . 
it is very apt to do. Why this Center ts thus made, and a bole 
left in the middle thereof, you will ſhortly underſtand wore 
plainly, Upon the Iron Limb of the Quadrant laſt menti- 
on'd, is ſcrew'd and rivetted a Limb of fine Braſs, firſt caſt 
into that ſhape, and then very well hammer-hardned and 
filed; repreſented in the Figure by bB bb: This, as I faid, 
by many holes drilled through che Iron and the Braſs, is ſcrew- 
ed and rivetted upon the iron Limb, ſfo'zs about half an inch in 
a Quadrant of 5 foot Radius doth over-hang the iron Limb, 
and the ends thereof extend a conſiderable deal longer then the 
Quadrant, the reaſon and uſe of which you will by and by un- 
derſtand, when [I give the Deſcription of-the Screw-Frame: 
G 2 The. 
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The edge of this Braſs Liwb wut, be, by the belp ef the Plate 
CCC _ a File or Plain, cut very Lay round, to an- 
ſer the Center of the Quadrant, and the upper fide thereof 
muſt be plained exa&Qly ſmooth and flat, upori which Plain-fide 
the Loop-holed Plate c c c c muſt move, as 1s viſible in the 
Figure. This Plateat i i muſt be wrenched or wreithed, ſo 
that the Plain thereof wuſt ſtand parallel to the Plain of the 
Iudex-Frame, and by the writhing of itat i i, as aforeſaid, 
there is room left for the Screw to lye obliquely, without the 
Screws touching the aforeſaid Plate , or grating againſt it, 
The reaſon why I put the Screw obliquely ro the Plain of the 
Quadrant is, that that part. of the Thread which coucheth the 
edge of the Limb, may be exaGly at right Angies, or perpen- 
dicular to that Plain, and conſequently that the Teeth upon 
the ſaid edge, may likewiſe be _— croſs or perpendicular 
alſo, and conſequently that no bending of the Rule c c c c, 
(tothe end of which the Frame of the Screw is faſtned) may at 
all vary the Angle, nor any unequal thickneſs in the Limb of 
the Quadrant, but that the turning only of the Screw ſhall 
produce a variation, and that exaAly proportionate to the 
_— of Revolutions, and the parts thereof, ſhew'd by the 
X. | 

The way to know exaGily what the obliquity of the Screw 
ought to be, to make the Teeth upon the Limb perpendicu» 
lar, is to number how many Threads of the Screw there are in 
a known length, and what the Compaſs of the ſaid Screw, or 
the Cylinder out of which it is wade is, and multiplying the 
ſaid Compaſs by the number of [Revolutions intoa Produg, 
the Proportions of that Produd to the known length, will give 
the obliquity of the Screw, the Produ@- being the Radius, 
and the known length the Tangent of cbliquity, thus ; Sup- 
poſe in the length of 4 inches, there be 83 Threads of the 
Screw, and that the Compaſs of the Cylinder of the Screw be 
[92 Centeſms of an inch, I multiply the 92 by 83, the num- 
ber of Revolutions, and it giveth me 76135, that is 76 inches, 
and 36 Centeſms of an inch, waking this Þcodu& the Radius, 
and the known length, viz. 4 inches, the-Tangent of the ob- 
liquity of the Thread of the Screw to the Axis thereof, or of 
the Axis of the Screw tothe Plain of the Quadrant. The de- 
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:of the Satew is the Ercant,! the. 
Coipals as tle Cy iacp?iugltbe Radius, and the bigneſs of the 
Thread, -or che Diltante bet ween exva Threads, is rhe Tangen, - 
inaright.angied;Triangie, and the Screw is ſuch aright ang- 
led /Triangle,. womnd'abour:z\Cylinder, putting the Tangent 
thereof para ile!-rorohe: farts. of the Cylinder, and canſequent- 
ly.in; the Mechariral: ryyal of theſe: Proportians, the more 
Threads are takentar make rhat comparifon or meaſurement, 
the more exaCtis the inclination found, The conſideration of 
which doth'phainly ſhew, how exaGi a way of Divifiun this by 
the: betp: 6f the Screw is, for the whole.Quadrant is thereby 
reſolved into-ane grand Diagonal, the ſame with the Triangle, 
the length of the Thread upon the Compals of the Cylinder be- 
ing the Diagonal, and the Diftance of the ewo ends of thoſe 
—_ in _— paratiel to the Axis, being the fpace to be 
vided by it, and conſequently by augmenting the bigneſs or 
Compaſs of the Cylinder, and Gimioifding the Thread, you 
way augment the Diagonal m any Proportion aſſigned. Qr by 
waking the Hand or Index upon the end thereof, of donble, 
ereble, quadruple, decuple, 6. of theſtmi-Diameter of the 
Cylinder, out of which the Screw is made, you may dupli- 
cate, triplicate, quadruplicate, | decuplicate, &c. the ſaid 
—_— the Diagonal, im Proportion to the ſpace to be di- 

vided, | | 

The next thing then to be deſcribed is the Screw-Frame, 
made of Iron, much of the ſhape repreſented by: h h h, in the 
farſt and rr Figures: This Frame, by the help of a Screw 
through the aforeſaid Plate, whoſe head is exprefſed by the 
head k, is fixed on to the long Plate from the center, 
and by the help of the Screw ], is forced and kept down very 
clofe, uponthe edge of the Limb of the Quadrant ; the Frame 
hath 4 Collers for the Screw-Pin to run againſt, which are in- 
deed but balf Collers, ſerving only to keep the Screw ſteady ; 
two of theſe are made with moſt care, marked with mm, in 
the 13th. Figure againſt mi, doth reſt the Shoulder of che 
Screw-Pin 3, which is kept cloſe home againſt it, by the Cy- 
linder gg, in the 10 and 11 Figures ; the ſharp Conical 
Point of this Screw 9 9, goeth into the Conical hole, at the 
end 
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end of the ſaid Cylinder'g g g, The ſhape of this Cylinder, - 
and the Screw by which it is forced againſt the end of the 
Screw 99, is repreſented inthe roth. Figure ; 7 inthe 9th. Fi- 
pure repreſents the Conical Point ; 3 the place lying againſt 
the Collier m i ; 6 the Screw that moves upon the edge of the 
Limb of the Quadrant; 5 the Nut or Pinnion by which the 
Screw is turn'd by a Rod from the Center, expreſt alone in the 
$th. Figure, bur the manner how it lyes in the Frame, is'ex- 
preſt by p p 0001n Fig. 1.000 repreſenting the Rod;p pthe 
Handle by which it 1s turned; qq the Nut or Pinnion that 
rurneth the Pinnion 5 of the Screw 3 s r the Callers or Holes 
that hold it faſt ro the moveable Plate or arm of the ; 
s$ repreſenteth two ſma!! pieces that clip the edge of the 
Limb, and ſerve to keep the Screw-Frawe ſteady true in 
its ob!ique poſture, and wove equally onthe Limb, by a ſtrong 
ſpringing of one fide of it ; t c repreſenteth the Index-Plate, 
which is divided into what number of parts are thought neceſ- 
fary, 1, 2, 3, 4, or 5 hundred parts, according to the bigneſs 
of the Thread of the Screwat 6, a greater: Thread requiringa 
more minute Diviſion, and a ſmaller Thread requiring a more 
groſs. Theſe Divifions are pointed at by the [Index 8 at the 
end of the Screw, and the number of Revolutions or Threads 
are marked on the Limb of the Quadrant, and pointed at by 
the Tongue e e, upon the which is faftned a ſmall Pin f, ferv- 
ing to carry a Lens over the Point of the Tongue, which 
maketh the number of Threads appear more plain and big : 
The manner of doing which upon the Frame of the Screw, is 
ſo eafie, that I hal! not ſpend more time in the Explication 
thereof, and the manner of making the whole Inſtrument, wilt 
be eafie enough to any ingenious Workman ; but if any perſon 
deſire one of them to be made, without troubling himſelf ro 
dire& and overſee a Workman, he nay imploy Mr. Tompion, 
a Watchmaker in Water-Lane near Fleerftreet ; this perſon [ re- 
commend,: as having imploy*d. him tomake that which L have, 
whereby he hath ſeen and experienced the Difficulties that do 
occur therein, and finding him ro be very careful and'curious 
to obſerve and follow DireGions, and to compleat and per- 
fe& his Work, ſoas to make it accurate and fat for uſe, - 
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{21 -Aythe' theſe. lndjces, 'cwill be cafie and plainto ſee 
hoy .mavy. the Screw, and; what parts of a Re- 
volution make a Quadrant. of a Circle, and conſequently *twill 
be eafie to wake a finall Table, which ſhall ſhew what parts of 
a Quadrant, divided into Degrees, Minutesand Seconds, will 
be deſigned by the Reyolutians, and parts of the Revolutions 
of the Screw. Asfor inſtance, If I find that 1600 Revoluti- 
ons and [212 makea.Quadrant, then 171788 Revolutions make 
a Degree, and |296 Milleſms of a Revolution make a Minute, 
and about 5 Miileſms make a Second, thence 'twill be eaſe to 
find ( if you obſerve ) an Angle to contain 2941353, that is, 
294 Revolutions, and 358 Milleſms of a Revolution, that the 
Content of that Angle in Degrees, Minutes and Seconds, 
is 16 Degrees, 32 Minutes, and 4 7-Seconds, which is plain 
enough, and much leſs ſubje& to miſtake, then the common 
way made uſe of, [I ſhall therefore proceed to 

The third particular, wherein this [oſtrument excels all 0+ 
thers,and that,is, That oneObſervator with a ſingle glance of his 
eye,at the ſame inoment doth diſtin&ly ſee,that both theSights of 
the Inſtrument are exactly direced to the deſired Points of the 
two Objeds, and this, though they be removed by never fo 
great an Angle, nay, though they are oppoſice to each other 
dire&ly in a Line, This, I queſtion noc, will: by all that 
know any thing of Initruments, or celeſtial Obſervations, 
be accounted one of the greate(t helps to. ſuch Obſervations, 
that was ever found ont. For whereas. other Inſtrumentsre- 
quire two Obſervators, for taking a Diſtance in the Heavens, 
and Ticho generally made -uſe of four, amongſt which there 
was neceſſary ſo unanimous concurrence in their readineſs and 
certainty, that the failure of any one ſpoy]'d all the reſt, and 
made the Obſervation become uncertain and of no uſe ; and 
ſuch Inſtruments as were: contrived for one Obſervator, were 
accompany 'd with ſo great difficulty,. 1g. the adjuſting to both 
the Obje&s, being both in a continual and ſwife.motion,, and 
but.one to þe ſeen at once, , that they were generally left offand 
diſ-uſed,. there being ſo vaſt a trouble and fatigue of looking 
now upon one, then upon another, by many repeated tryals. 
and ſo many new ſettings of the Inſtrument to the Objects jn 


motion , before the Sights. could, be adjuſted , beſides the 
| great 
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reac oncertainty at"the beſt, -of ſeveratMiinates of thegruch 

Fn this way, : the Obfervator has no prin =# neu yn pen 
ro ſet the Plain of the Quadrant in the Plain of the 'ObjeRs, 
and by ike Screw to-move the arm of his Inſtrument, tiff he 
perceive both the Objects to toucheach other, in thoſe Points 
he wonld meaſure the Diſtance between. That this is fo, he 
will eafily perceive, when he underſtands the method: of fo 
adapting two Teleſcopes, that by looking in at one ſmall hole 
in the ſide of one of them, he will be able to ſee both thoſe 
Objeds diſtinaly to which they are direfed, how much 
ſever ſeparated. The way then of doing it is in ſhort 

tE1S, | | 
Joyn them together at one. end, by a hollow Joynt that has 
a hole through ir, about 2 of the hoſſow of the Tubes, prepare 
two ſquare Tubes of Wood, Braſs, [ron, &c. of what length 
you pleaſe, and dire@ly againſt the Center of this hole in the 
Joynt, make a ſmall hole, about the bigneſsof the blackeſt 
partor pupil of theeye, ſo as the eye looking inat that hole, 
may ſee perpendicularly into the lower Tube, thenobliquely 
place two pieces of refleQing Metal, very well and truely po- 
liſhr, ſv asto refle& the Ax1s of both thoſe Tubes, perpendi- 
cular or at right Angles, which is by fuxing the Plain of the 
Plates, inclined co the faid Axis, inan Angle of 45 Degrees, 
let the upper reflex Phce reach from theupper fide of the Tube, 
ſo low as to touch the Axis or middle of the Tube, and let the 
lower extend over the whole Tube, from thetop to the bot- 
tor, and from one fide to. the other. Theſe will be known to 
be duely placed, 'if looking in at the ſmall hole againſt the 
Center of the Joynt, the two round hbles of the Tube do ap- 
pear to'theeye to coalleſce into bne,' aid that "the eye ſees di- 
realy through the lengths of them-both alike. 'Then into 
cheſe Tubes fit two Teleſcopes, with convex Eye-Glaſfes, and 
croſs Threads for Sights in their Foei,/:thatthey-maybeborh 
of then) at gue diſtance frou#the *<ye;/lookiligeln ar the lide- 
hole, then opening thoſe Tubes /vpen the fad Joynt' to my 
Angle, and looking in at the fide-hole, you ſhall plaſnlydi- 
ſtinguith at once both the ObjeRs, 'that 'are bronght into the 
Tubes direR;y, and refleed up to the eye. | BOM 
That this maybe the-platmer indeftovd,” 1 ſhall adda'De- 
lireation thereof iz plans. Let 


Let aa bb inthe 12th. Figure repreſent the upper Tube, 
and cc cc the lower Tube, and let dd repreſent that part 
of the Joynt, which belongs to the lower Tube, at one end, 
by which they are joyn'd together, and can be open'd in the 
manner of a Sector. Let 1 repreſent the hollow or center of 
rhis-Joynt, which communicates the Cavities of the two Tubes. 
Let ee repreſent that part of the ſaid Joynt which belongs to 
the upper Tube, being only a hole through the lower fide, 
big enough to incompals the Cylinder d d of the lower Tube ; 
and let rr repreſent a Plate ſcrew'd or pinn'd on,. to keep 
the parts of the Joyat together inſtead of rivetting. Let s re- 
preſent the hole in the de, by which the Eye h is to look in, 
and f the reflex Mettal in the upper Tube, reaching only half 
way the Tube, and gg the reflex Mettal in the under Tube, 
reaching over the whole Cavity ; thenwill n o and p repre- 
ſent the Eye-Glaſs, Sight-Threads, and Obje&-Glafs of the 
upper Tube, and k 1 and m the ſame parts in the lower, and 
whatever Angle the Tubes make to each other, whilſt they 
open upon the before-mention'd Joynt, the Eye h looking in 
at s, will ſee dire&ly by the Axis of them both, and ſee the 
Sight-Threads diſtinaly croſſing the Points of the Objeas, 
whoſe Diſtancesare to be meaſured, 

Theſe being thus explain'd, I ſuppoſe, it will be nodifh- 
cult matter for any man to conceive, how theſe may be apply'd 
to the above-deſcribed Quadrant ; for 'tis but ſuppoſing cc, 
the upper fide of the under Tube inthis Figure, to repreſent 
a Þ 2 Þ, the fixt fidearm of the Quadrant, and d d the Joynt of 
this, torepreſent dd the Joynt ofthe Quadrant, and þb b the 
under fide of the upper Tube, to repreſent c c c the move- 
able arm of the Quadrant, and applying two Tubes to theſe 
parts, and fitting them with refieQing Plates, Eye-Glaſles, 
Sight-Threads, and Obje&-Glafſes , at due Diſtances, the 
whole will be performed. 

Theſe Tubes thus fitted, will ſerve to take any Angle leſs 
thena Quadrant, to what exaGpeſs i; deſired, : but for bigger 
Angles, the Contrivance muſt be ſomewhat varied, the De- 
ſcription of which I ſhal! now add. 

Leteither of the two Tubes for the Sights, be made of dou- 
ble the length of the other, that is, letir be as long behind the 

H Center 
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Center as before if, #Ignake the Reflex-Glaſs, that ic may 
be turned round , atid refle& the Ray exaftly backwards, as 
before it did forward, thefi fix mio this other half of the Tube 
a Teteſcope-Sight, inall thingy fitted, adjuſted, and like the 
other two, then adjuſt them, thae they may look forwards and 
backwards in the farne like; which being done, the Reader 
will eaſily underſtand how any Angle way be taken, even ro 
the extent of two right ones : For 'tis plain enough, that, the 
two Tubes I firſt defctibed, apply'd ro the Quadrant, will 
meaſure any Angle toa Quadrant or right Angle ; and *twill 
beas eaſie tounderſtand, how by the help ofthe Reverſe-Tube, 
any Angle between a Quadrant and two right Angles may be 
meaſured. | 

To wake this a little platner tothe Readey, let ceccc in 
the 12th. Figure repreſent the under Tube- or fixed Sight, 
s the hole or Eye-cell, tr a round piece carrying the reflex 
Mettal g g this is made to turn round,and the refleQing Mettal 
g g being fixed to it within the Tube , is carried round 
alfo with it. Let $ik1 m x repreſen the Ray paſſing 
forwards by the Eye-Glaſs, Thread-Sight, and Objed-Glaſs ; 
then this round piece tr being turned and made rt, as in the 
1 3th. Figure, is repreſented, and with it the refleQing Metal 
gg, here marked qq, being curved alſo : the Line $qklmy 
wall repreſent the Ray reflected, and paſſifig backwards by the 
reflex-Mettal q q, Eye-Glaſs k, Thread-Sight 1, and Obje&- 
Glaſs y. 

The meaſure of the Angle is found by the ſame Apparatus or 
Screw-Plate ; for as much as the Screw-Plate would ſhew the 
Angle leſs then a Quadrant, if the fore-part of the Tube were 
uſed, by ſo wuch is the Anglt more then a Quadrant, if the 
reverſe or back part of the Tube be uſed ; and the ſame reaſon 
of the-accurateneſs and certainty for the one, is good for the 
other, without being lyable to any manner of Qbje&ion or In- 
convenience, | 

It remains therefore now only to ſhew, Firſt, How theſe 
two PerſpeRtive or Teleſcope Sights, placed within the ſame 
Tube, may be made to look exaAly forwards or backwards in 
the ſame Line, And ſecondly, How they fhall be adjuſted to 


the Teleſcope, fixt upon the moveable arm of the Quadfanr, 
ſo 
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ſo as toknow when the Divifin-Angle begins, apd when they 
ate oped to « Quadrane, right Angle, ar 90 Degrees ; for 
unleſs cheſebe aſcertain'd, and fuxttoas great a meaſure of ac- 
curateneſs, as the contrivance of the Screw is capable of divi- 
ding, or the Telelcope-Sights are capable of diſtinguiſhing, or 
the PFerpendicularity aſcertain'd, all the pains, care, in» 
duſtry, and curioſity, beſtow'd about the other, are of no 
uſe. 

Firſt then, For fixing the Thread-$ights of the two Teleſ- 
copes within the ſame Tube, ſo as to look dire&ly forward 
and backwards, carewuſt be taken, that every one of the four 
Glafles, that' is toſay, the twa Obje&-Glafſes, and the ewo 
Eye-Glaſſes, muſt be fo ſteadily and ſecurely fixt into the 
Tube, that they cannot by any means be ſtirr'd or removed ; 
the manner of doing which, I ſuppoſe, ſo exceeding eaſfie, 
that [ need not ſpend time in deſcribing a way to do it. Next, 
Sufficient care mult be taken of the ſtiffneſs of the Tubes, that 
they may- not warp or bend. Thirdly, One of the Thread- 
Sights muſt be fixt as firmly and ſecurely as the Glaſſes, and ſo, 
that the croſſing of the Threads may be, as near as poſlible, in 
the Axis of the Obje& and Eye-Glaſs, the ether Thread-Sight 
muſt be lefc free, till by ſeveral tryals it be found to Gand ex- 
atly in the ſame Line with the firſt 5 the manner of doing 
which, I ſhall now deſcribe, 

There being two Threads which croſs each other, the'one 
Perpendicular and the other Horizontal, care mult be taken, 
that both theſe lye exaQly in the ſame Lines with the Horizon- 
tal and Perpendicular Threads in the other Sights ; and in 
order thereunto, there mult be two Frames of Braſs, repre- 
ſented in the 29 and 3o Figures of the 2d. Plate, of the big- 
neſs of the hollow of the Tube ; theſe muſt have groves made 
in the Tube fit to receive them, in which they may by the help 
of Screws be moved, and made to ſlide to and fro,. as there is 
occaſion, for their 20junn?. Next, They muſt 1ye ſo cloſe 
together, that the Hairs may touch each other. Anda initd!y, 
They muſt croſs exactly in the Focus of the ObjeR and Eye- 
Glaſs. One of theſe Frames muſt carry the Perpendicular 
Thread, and by a Screw in the fide of the Tube, muſt be move- 
able to the right or left ſide, as there 1s occaſion ; the other 
H 2 Frame 
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Frame muſt carry the Horizontal Thread, and by a Screw in 
the top of the Tube, muſt be wade to-riſe or fall in the Tube, 
as there is need. The Mechanical Fabrick of which is ſo eafie, 
that, I hope, I need not ſpend time in the further De- 
ſcription thereof, bur refer the Reader to the 29 and 30 Fi- 
SUIES, 

Theſe things being thus done, from the top of ſome Turret, 
or any other Station, where two oppoſite places at a conlide- 
rable diſtance, as half a mile, or a mile or two, can be plainly 
ſeen, find out two Points, which, at the firſt looking through 
your Glafſes, you find to be ſhewn out by the Croſſes of the 
Thread-Sights, then note thoſe Points very diligently, that 
you may be ſure to find them and know them again, when you 
have removed the Glaſſes ; this done, turn the ends of the 
Tube, and ( if you were looking Eaſtwards and Weſtwards ) 
turn that part towards the Eaſt which before looked Weſt- 
wards, and wice verſa, and find out the two Points you ſaw in 
the former Obſervacion, then dire&ing that part that hath the 
fixt Threads, to the Point that was ſeen before by the move- 
able Threads, find out the other Point, which you will be ſure 
to ſee within the compaſs of your Eye-Glaſs, and obſerve how 
far the croſs Threads are now removed from it, either North- 
wards or Southwards, upwards or downwards, then, as near 
as you can, by your judgement ha'fthat Difference, and by tle 
Screws move the Frames, that the Threads may ſtand in the 
middle between the two Points, then take notice apain of the 
Points ſhewn by the Threads, and turn the T ute again: Do 
this ſo many times, til! you find upon converting the Tubes, 
that you ſee the fame Points to be marked by the Croſſes of the 
Thread-Sights, with which end ſoever you look on them, and 
then the Tube will be exa& and fit for uſe. 

The reaſon of this adjuſting will be ſufficiently plain, to 
any one that ſhall conſider the 14th. Figure : Where let v re- 
preſent the middle of the Tube t u b, or the place of the Eye, 
and let w reprefent the Obje& ſeen Weſtwarus, aud e the 
Objea Eaſtwards, at the firſt view ; then keeping the middle 
of the Tube exaly upon the ſame Point u, turn the end of 
the Tube t towards the Eaſt, and the end | towards the 
Welt, and find out firſt the Eaſtern Obje& e, and finding the 
oeher 
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apy to dire now to the Point p, andnot to w, di- 
vide the Diftance betweth the Point w; and the Point p, as 
exa&ly'as you can, in half, which if you-chance to hit exactly 
at firſt, it will be the middle Potne mw, but if you do not, but 
you redifie ic-only to r, then by the next turning of your Tube 
you will find s,- where you wuſt again re@ifie to half the Dif- 
ference berween 's and r ; now the Difference being grown 
yet leſs, you will a 3d: or 4th. time ſer it ſo exaQily, as to ſee 
the Points m and e, which-lye in the ſtraight Line with the 
Center. of the double Tube. 

The 4th. thing wherein this Quadrant exceeds the Common, 
is for its accurateneſ$ for taking Altitudes; and this is done by 
the help of a Water-Level, for adjuſting the exa& Perpendi- 
cularity thereof, This Level may be made and fixed ſo exaCt- 
ly, that any Obſervator way be ſure of the Level of his Inſtru- 
ment to a Second or two. The Level it ſelf is nothing but a 
ſhort Tube of Glaſs, about 6 or $ inches long, Hermeticaily 
ſealedat each end, and filled with a Liquor that will not freeze 
nor grow foul with ſtanding. 

The Glaſs, as near as can be gotten, ſhould be Cylindrical 
and ſtraight, it being the better the nearer it be to a ſtraight, 
provided it have a ſenſible bending or ſirelling in the middle, 
the gibbous part of which ſhould be ſet upwards, and a pro- 
per Cell and Box madefor it of Brafs. 

This Glaſs is to be filled almoſt full of diſtill'd Water, to 
whichabouta 3d. part of good Aqua-fortis or ſpirit of Niter 
hath been pur, to keep the ſame from freezing, and alſo from 

wing foul, then carefully ſcaled up Hermetically, and p'a- 
ced in its Box of Brafs, and with hard Cement fixed into the 
ſaine, which by Screws is fixed to that fide of the Quadranr, 
that is to lye Horizontal. 

The Braſs Box being thus fixed to the right ſide of the long 
fixt Tube ap ap ap, and underneath the Quadrant, ſo as not 
to hinder the free movement of the arm c cc, as at Xx 5 the 
next thing to be done, is by it to ſet the Quadrant truly Hori- 
zontal, which is thas performed. 

Setting the fide a p ap a p Horizontal, and the Limb of 
the Quadrant upwards, and looking in at the Center, take 
notice of two ObjeRs in the Horizon oppoſite to each other, 
QOſerve 
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abſerve the limits of the bubble of Air on the top of whe Li- 
quor, on each fide of the middle of the Level, and make a 
wark, then turning the ends of the Quadraat, ſer ie, till the 
ends of the bubble ſtand as in the former Obſervation ; then 
look againat thoſe Objeds in the Horizon, and find what che 
difference is between theſe oppoſite Qbjeds, and thoſe in the 
former Obſervation ; then balve the difference between them as 
near as you can, and by your eye (et the Sights to the middle 
between them, by inclining the Quadrant, then by the Screw 
that reGifies the Level, ſet the Gia(s-Level ſo, that the ends of 
the bubble may be equally diſtant fram the middle, and con- 
vert the Quadrant again, and ſce_if the ends of the bubble 
ſtanding at the ſame marks, the twa oppaſlite Teleſcope-Sights 
do ſee the ſame Objecs, for if ſo, youare aſſured. of the per- 
fe& Horizontality of the Sights, upon the fixtarmof ap ap; 
but if you do not find it to dire& to the ſame Objeds, 
continue examining and converting, till you figd it per- 
fe. 

Now this way of Perpendicular being ſubje& to the incon- 
venience of heat and cold, which doth rarifie and condenſe the 
Liquor, and conſequently make the bubble of Air lefs or 
more, care muſt be taken, to mark all the varieties of thoſe 
kinds of the bubble, that are cauſed by the degrees of heat and 
cold, which you may thus eafily effeft. 

Reduce the Liquor in the Tube of the 24th. Figure, by the 
help of Ice and Salt, to as great a degree of cold as you can, 
then by the method newly direded, ſer the Quadrant Hori- 
zonta!, aud mark thetwo endsofthe bubble with-4.4, then by 
gencly applying heat to. the awhient Air,, warm likewiſe che 
Water, and obſerve the expanſion; thereof at both its ends, 
and mark them on the Glaſs with the point of a Diamant, as 
33. 22, 11,0 0, which being done, it will beexceeding eaſfie 
at any time, to adjuſt the Quadrant,to any accuraceneds defi- 
red, by being careful ta ſee, that thgtwo ends of tne.bubb'e 
be proportionably extenqed, 4s £0 0 0,41, 22. 33.44, &r. 

'or to any interinediate ſpace. * 

The Contrivance of faſtening and adjuſt ing this Level co the 

Quadrant or other Inſtrument, will be very eaſtly underſtood, 
' by tle Delineation thereof in the 24th. Figure, 
Let 
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Let ## 2 4 reprefenr the France or Plate of Braſs, which 
by fot Screws ddd; is: fixed to the Tube, as before, 
This Pare hath 4wprig” Checks, bb, cc, berween which 
the Braſs Box e © ee, (ins which the Cylindrical Glaſi-Le- 
vel ff, is fixed with hacd Cement) is held ſteady, without 
any manner of ſhaking. This Braſs Bow, at the end of ix near 
che right hand, hart 9 Pevots, which: are ficted exaQly into 
» ſal} holes in che Cheeks. © &, and at the' other end next the 
!efrhan@, hath a ſmall Screw-Pin g, which holds it down faſt 
co the botton) Plate, and keeps ic fromrifmgour from between 
the Cheeks b b, which 2 very ſtrong Spring lying underacath 
ir, between the Phe 2a, and the Box ee, would otherwiſe 
force it todo. By this Serew the Level is to be adjuſted to 
the Sights of the Quadrant, by the way I juſt now deſcribed, 
and being once thus adjuſted and fixed, *ris not eaſily pur our 
of order, without moving or altering the Screw g, which 
may eaſily be prevented by roo Contrivances. 

The Reaſon of the accuratenefs of this kind of Level, will 
be eafly diſcover'd, if we conſider, that the upper part of the 
Tube being very near to a ſtraight Line, is conſequently ei- 
ther apartof a Circle of avery great Radius, or of ſome ir- 
regular Carve, very near of the ſame nature with a Circle, as 
to this buſineſs of Levelling, and conſequently a Degree of the 
ſame wilt be proportionably large, and the flexure of the Tube 
may be made of a Curve of fo large a Radius, that every Se- 
cond of Inclination- may cauſea change in the Level of a very 
ſenſible length, 

This can hardly be performed by the ordinary way of 
Plambets, without hanging from a vaſt heighr, which is not 
pracicably to be performed, without almoſt infinice trouble, 
expence and difficulty, and when done, can'be of no uſe i!) 
the World, as any one will grant, that conſiders the vaſt Appa- 
ratos that is requiſite to obviate the great unſteadineſs of 
Buildings, the motion of the Air, and amultitude of other in- 
cumbrances. 

Now the Curvature this way made may be a portion of 4 
Sphere of r000 foot Radius, or more, if it be defired, and 
confequently a Minute of the ſame will not be leſs then -2? of 
a foot, and eyery Second will be almoſt half a Centeſin of a 
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faot, which is ſufficiently diſtinguiſhable to the naked eye. 
Co if the Glaſs Cylinder be 9 inches long, it may contain two 
whole Minutesof ſucha Circle between f and f, and one be- 
tween 4 and 4, and conſequently the ſaid Glaſs may be ſer Ho- 
rizontal to the certainty of a Second, which 1s hardly to be 
aſcertain'd any other way. 

But there remains yet one great Difficulty, how to be able 
tomake ſuch a Carviture, for though the thing be true rm the- 
ory, yet is it not without ſome trouble, put in pratice. Ve- | 
ry few Glaſs Canes are ſo conveniently beat, as is deſirable, 
and 'tis asdifficulc to find them true ſtraight. 

To prevent this, If Glaſs Canes be uſed, there mult be much 
care taken, and many tryals made, for the finding what pieces, 
and what fideof thoſe pieces will be moſt fic for this purpoſe, 
for our Glaſs-Houſe Workinen know not yet a way, certainly 
to draw them of this or that eurviture or ſtraightneſs, nor are 
they eaſily ground intoa ſtraightneſs or curviture by the Glaſs- 
grinder afterwards, though that can be done with ſome trou- 
ble. Bur diligence and tryal will quickly find ſome piece or 
other, that wil] be ſufficiently exa& for any tryal, among 
thoſe which are only drawn at the Glaſs-Houſe, I madeuſe of 
one of another form, ſuch as is deſcribed in the 25th, Figure, 
which I found to do exceeding well, the dark part repreſent- 
ing the Water, and the lighter part the Air. This was made 
of two Glaſſes, drawn in diſtin& Pipes at the Glaſs-Houſe, 
but joyn'd together in the Lamp, and the upper part of the 
larger or under Tube, was incurvated with its convexity 
downwards, ſo that the Water touched the middle part, and 
the bubbles of Airat each end thereof, .coumunicated toge- 
cher by the ſinall Pipe above. I tryed alſo another way, by 
which I was more certain of the truth of the Curvity, and 
cuuld make the Curvity of a greater Circle: This was by a 
long piece of a Looking-Glaſs-Plate, ground very finooth and 
poliſhed, which by the helpof Screws I bent upon the- circy+ 
lar edges of a braſs priſmatical Box, and cemented the fame 
very tight, with hard and ſoft Cemenc ; this Plate had a hol- 
low Channel ground in it the length thereof,; which ſerv'd to 
keep the bubble in the middle. By this means, *tis not diffi- 
cu c to bend ſuch a Plate, into the Curyicure.of a Circ:e of $o, 
60, 
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60, 109, 1000 foot Radius, and the Braſs Box' can eaſily be 
made to fi!l or empty, as there ſhal! be occafion for the uſe 
thereof, ſo that the Bubble may be at any time left, of what 
bigneſs ſhall be defired. Ir will be convenient alſo to varniſh 
the in-fide of this Braſs Box with Lacker-Varniſh, very thick 
and cloſe, both to keep it from ruſt.ng, and alſo to preſerve it 
from being corroded by Aqua- fortis, v. benſoever there ſhall 
be occalion to put it in, for the cleanſing he inward tarniſh 
and foulneſs of the-Glaſs-Piare, This C urvity of the upper 
fide of the Level may be made, by grinding the under fide of 
ſuch a long Plate of Looking Glaſs, upona Convex Glaſs-Tool 
of 50, 60, 100, ooo foor Radius, and poliſhing the ſame ac- 
cordingl y of that Figure : The Curvity of the ſaid Plate isex- 
preſs'd in the 26th, Figure. Now what by this way may be 
done with Water and Bubbles of Air, the ſame may be done 
with the ſame Glaſſes turned upſide-down, by the help of an 
exacly round and poliſhe Cylinder or Globule of Glaſs, Chry- 
ſtal, Cornelian, Agate, or other exceedingly hard and cloſe 
Stone, after the manner repreſented in the 27th. Figure, for 
the Ball or Cylinder will naturally rol] tro the loweſt part of 
the Concavity, and there ſtand. But in the doing of this,great 
care muſt be taken, that the Globule be exa@ly round and po- 
lifhe, and that the Concavity of the Plate be as ſmooth and well 
poliſht, and that they be both very clean and free from duſt, 
otherwiſe the Cylinder or Globule will be apt to ſtand in a 
place where it ſhould not, and conſequently produce confide- 
rab!e errors. 

And here I cannot omit to-take notice of a very curious Le- 
vel, invented by Sr. Chr. Wren, for the taking the Horizon 
every Way in a Circle. Which is done by a large Concave, 
ground and poliſht on a very large Sphere, and the Limb of ir 
ground and poliſht on a flat, for by placing the ſame Horizon- 
ral, andreaifying it by a ſmall quantity of Quick-ſilver, pour- 
ed into the Concavity thereof, 'twill be eafie, by looking by 
the flat poliſht Limb, to diſcover the true Horizon. The only 
inconvenience I find in it 1s, that the T hath ſome kind of ſtick- 
ing to the Glafs, but a ſinall Chryſtal Bowl, I ſuppoſe, may re- 
medy that inconvenience, and make it fit for uſe. 

The 5th. thing wherein this Inſtrument is made to excell 
[ others, 
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others, is in its eaſineſſes to be adjuſted to the Objze&s, andin 
this, that being once adjuſted, the whole Inſtrument is ſo or- 
der*d, as that it will remain conſtant co thoſe ObjeRs, though 
they are moved. The want of this is ſo great an inconvenience, 
in a] other Inſtruments hitherto made uſe of, that almoſt all 
Obſervations have been thereby vitiated, And Hevelize, to 
prevent and obviate this, hath found out many Contrivances, 
but they are ſuch, as though they co it inparr, : yet 'tis but in 
part, and that with much trouble and inconvenience. I need 
not ſpend time to ſhew, how many incanveniences his way by 
4 ſeveral Hand-Screws, to be wanaged by 2 Obſervators at the 
leaſt, is ſubje& toz they are indeed ſo many and ſo great, that 
it was not without very good reaſon, that he ſo often appeals 
to experience, for the truth 1s, there was great need ot long 
praGice and much experience, to beable to make an Obſerva» 
tion in that way well, the removal of every one of thoſe Screws, 
having an influence upon every one of the other, ſo as no Screw 
could be turn'd, but the whole Inſtrument was put out of its 
due ſicuation, and both the Objects being continually in moti- 
on,'he wholeInſtrument was to be reGifi d every moment, There 
was therefore neceſſary ſo great a judgement and dexterity, to 
manage every one of thoſe Screws, that without an acquired 
habirude and handineſs by long practice and experience, no= 
thing could be done to any certainty, nay, not even to that lit- 
tle accurateneſs that the common Sights are able to reach. Bur 
this, though it were a very great unhappineſs to Heveliws, that 
he was not furniſhed with better Contrivances, yet it no ways 
tends to his diſpraiſe, for his moſt extraordinary and incefa- 
tigable care, pains and induſtry, is ſo much the more to be ad- 
mired, eſteem'd and honour'd, and will be ſo much.the more, 
by ſuch as have by experience found the diffticu ty, of waking 
ally one Obſervation certain in that way, 

But that be or any other, that hath a mind to wake ſurther 
Tryals and Obſervations, may be freed from this intoilerable 
trouble and difficulty, T have thoughtof this following Inſtru- 
men”, by means whereof the Quadrant being once aGjuſted, 
and ſet to the Objedg, will continue to be ſo, for as !ong a 
ime as ſhall be defired, without at all requiring the help of 
ay on* hand of the Obſervator, though he be but one, 

My 
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way then in ſhort is this: I make an Axis of 
Ds Fir, of a bigneſs thick enough Afr 4 
ro defend it from bending ; atthe lower end of this, I fix into 
the middle of ir, ( well bound and hoop'd abour with Iron ) a 
Center or Point of Steel, very welFturn'd, hardned and ſharp, 
which is to move ina conical hole fit toreceive it, of as good 
and well hardned Steel ; at che other end of this Rod,l fix ato- 
ther picce of Steel into the middle thereof, that, immediately 
contiguous to the Wood, hath a Neck very well turn'd and 
hardned, a little tapering from the Waod outward, which is 
robe moved in a Collar fir for it,as I ſhail ſhew by and by ; and 
at a convenient Diſtance from the ſaid Neck, as at ſomewhat 
more then half che Radius of the [nſtrument, is made a Cylin- 
drical Neck, fitted with a Collarof Braſs, witha Joynt, and 
other Apparatus, large enough to carry the Table and Inſtru- 
ment firm and crue, without flding or yielding in its Socker, 
afrerit be once ſet, This Axis by the Collar and conical hole 
below, I place parallel ro the Axis, which by ſome tryals is ea- 
fily enough adjuſted ; about the Cylindrical Neck, at the up- 
per end of this Axis, is a Socket of Braſs faſtned with a Screw, 
which Socket claſpeth ina Joynt, a ſhort Arm, which hath at 
one end a Ball that is fitted inro a Socker, that is fixed under 
the Table and Frame of the Quadrant, and at the other end a 
Counterpoiſe of Lead, to ballance the weight of the whole Ap» 
paratus, about the Quadrant, upoa the middle Line of the 
long Axis, then the Table and Quadrant is re&ifi'd, ſo as to 
lye in the Plain of the two celeſtial Obje&ts, whether Planets 
or fixt Stars, and by the ſina!l Screws in the Sockets it is fixt in 
that Plain. What further adjuſting is requiſite, is done by 
the help of ſmall Screws in the Quad: ant it ſelf, which are caſt» 
ly enough conceiv'd without Deſcription, The Table being 
adjuſted to the Plain of the Objeds, with the Quadrant on it, 
and all counterpois'd pretty near by the poiſes underneath 
the Table, and the fixed Sight directed ro ane of the ſaid Ob- 
zeags, the ſaid Table and Inſtrument continues to be in that 
Plain, ſo long as is defired, without any farther trouble to the 
Obſerver, though the Objeds continually change their places, 
and the xt Sight remains direGed at one of the Objects, till 
the other can be found by the moveable Sight. To effe& which 
I 2 motion 
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motion ofthe Tableand Inftrument, 2 Watch work is fitted to 
the Axis, ſoas to make it move round in the ſame time, witha 


diurnal revolution of the Earth, and conſequently to keep even 
pace with the ſeeming motion of the fixt Stars ; the manner of 
doing which is thus : About ſome part of the Axis, where 'cis 
molt convenient for the Roow in which *tis to be uſed, fix an 
Octant ofa Wheel of 3 foot Radius, let the Rim of this be turn'd 
true to the Centers of the Axis, and cut the edge thereof into 
360 Teeth, there being fo many half minutes of an hour in the 
3th. part of a whole Revolution, though theſe minutes and 
hours which reſpe& the fixt Stars, will be conſiderably ſhort- 
ex then the ſolar hours ; then fit a Worm or Screw to theſe 
Teeth, that one revolution of the Worm being made in, a mi- 
nute way move one Tooth forward ; the revolution of the 
Worm is adjuſted by a circular Pendulum, which is carried 
round by a Flie, moved in the form of a one wheel'd Jack, 
from a ſwaſh toothed Wheel, faſtned upon the ſhank of the 
Worm or Screw above-mention'd; the weight that carries 
round this Wheel muſt hang upon the ſhank of the Worm, and 
muſt be of abouta 3d. or 4th. part of the weight of the Qua- 
drant and Table, that it may carry it round ſteadily and ſtrong- 
ly; and the circular Pendulum muſt be foorder'd, that the Ob- 
ſervator may at any time of his Obſervation either ſhorten or 
produce the length thereof, ſo as to make it move quicker or 
flower, as there ſhall be occaſion, which is done, by fliding 
the hole upon which the Pendulum makes its conical motion, a 
little higher or lower, without lifting up or letting down the 
Pendulum, oreiſe by winding up the Threadof the Pendulum a 
licrle ſhorter, or letting it down a little longer, by the helpof 
a Cylinder, above the hole or apex of the Cone, in which the 

Pendulum is moved. . 

This whole Contrivance will be ſomewhat better vnder- 
ſtood by a Delineation. Let ab then inthe r5th, Figure re« 
preſent the Ax1s of Fir or Iron, c the conical Point at the bot- 
tom, d the conical center or hole in which it is to: move, e the 
Col'ar.above, in which the tapering Neck of the iron Far f is 
to be moved. The Axis of this is to be placed as exactly as 
may be, parallel tothe Axis of the Earth : at the end or head 
of the Iron fg, is fitteda Socket h h, with aScrew 4, which 


will 
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wilticivtothehead im arp poſture; - This Socket» Þ inthe! 
15 ant +6 Pigures, hath a ſage Joynt tobe ſhiffned by 2 Screw 
s, in which Joync 158 moved} a ftrong Bar of Tron, donr 4 foot 
in length, co-wit, 2 foot on ezeh fide ofthe Joyner, the one end 
6 hath a large” weight orcounterpoiſe of Lezd' 8, whichſerveth 
ro-conftter-Þallance the whole weight of the Frame and Inftru- 
ment apor} the other; ant cary be forew'd- either nearer to or 
farther from- the Joymk, \2$ there ſhall be occaſion for poiſing ; 
at the other end of the [ron is a large Ball of Iron 7, to which 
is fitred alfo a Socket of Brafs 9, with a Screw to fix it and 
move it; a#there ſhall be'oceafion. - ThisSocker is fafined un- 
der the middle of a Table $$, npori the plain fide of which 
the Quadrant i is to lye. Upon fome convenient pare of this 
Axis is fixed an Oftant or Sextant of a Circle, repreſented in 
the 15th. Figureedge-ways;'and' inthe 17th. Figure broad- 
ways, by 3 3 ii, whoſe citcular edge 3 3 iscvt into Teeth, as 
before is direQed ; ; untotheſe isadjufted a Wormyor Screw k, 
which is the Axis or Arbor'of the Wheel P11 ; this Wheel is 
moved romdby the weighc'*, whole Line is coiled round the 
Barrel nu, and with re it rayneth round the Flie nn, by the 
help of a Screw m, fixed upon the Arbor i6 0, in theamanner 
of the Flie ofa one wheel'd Jack # this Fliemoverh cireularly 
the Pendulam p p, in 03 Poor and 29th? ' Figures;' which 1s 
fhortned or' Kngehned! by bp'and down the Cylin- 
der q q, the Threadof the penculurmVeing faſtned at r. 

T ſhall not now ſpend any more time in the Explication of 
the making or contriving the circufarPenduluw, reſerving it 
for another opportunity and Diſcourſe, wherein I-ſhall few 
feveral ufcfu! Contrivantes and [nventions abour the fawe; and 
particularly about this and ſome other Experiments of 'motion, 
which ivasthe cauſe of the Invention thereof by me long ſince, 
in the year 65. Upon which occaſion, I cannot but take no- 
tice of a Publication, made by Chriſt;awms ' Zuliche- 
wins Conſt. F, in his Book call'd, Horologium Ofcillaroriam froe 
demotu Pendulorum ad Horolopia aptato ationes Geome 
frice ; containing a ſhort Deſcription of a circular Pendulum- 
with ſomewhat abour the Explication of ir, without naming, 
me at all, as concern'd therein, 'though T invented it, and 
bronghe it into uſe in the year 1666, and in the year 1666, [ 
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communicated it to the Royal Sagiety, at their pablick Meet- 
ings, both as tothe Theory and Praftick thereaf,, and did more 
particularly expain the iſocrone motion of the Ball of a Pen- 
duium, in a parabolical Superficies, and the Geometrical and 
wa 1566 way of making the ſame move in ſuch a Superficies, 

by the help of. a Farabolocid, which 1 cauſed alſo to be made 
and ſhew'd before.the ſame Society, upcn ſeveral days of their 
pubtick Meeting,. where beſides many of the Society, were 
divers ſtrangers of forreign parts. This many of the Royal So- 
ciety can bear me witneſs, and the publick Regiſters ue 
do teſtifie and make appear, and I was told by Sr. Robers Mo- 

ray, | that he did then write to Monſieur Zalichews concerning 
the ſawe, But of this more bereafter,. when | examine ſome 
ot her things in that Book, abour finding the deſcent of heavy 
Bodies, and of fiading the Longitude of places, and publiſh 
ſame more certainand pradicable ways of doing thew. 

This puts we in- mind of publiſhing an Invention, which I 
made aud produced before.he Royal Society, in the ſame 
year 1665, much about the ſame time,,that I produced the 
Theory and Experument of the circular Pendulum compleat, 
which call'd the perfe&ion of Wheel-work, as being indeed 
founded on a principle capable of che greateſt perfection can 
be imagined. -. It is inſkoxt, Firſt, Towake a piece of Wheel- 
work ſo, that both the Wheel ns Pignioo, though of never ſo 
ſwall a ſize, ſhall have as great a number of Teeth as ſhall be 
deſired, and yet neither, weaken the Work, nor make the Teeth 
ſo ſmail, as not to be praGicable. by any ordinary Workman. 
Next, That,the motiog ſhall. be ſo equally cownwnicated from 
the Wheel to the-Pinnion, . that, the Work being well made, 
there can be no inequality of. force gr motion communicated, 
Thirdly, That the Point of touching and bearing, ſha!l beal- 
ways 1n the Line that joyns the 2 Centers together. Fourthly, 
That it ſha'l have no-wanner of rubbing, yar be more difficult 
to be made then the common way of Wheel-work, ſave only 
that Wockmen have not been accuſtomed to.make ir. 

Firſt then, If there be a certainnumber,, and no more of 
Teeth required to be made. a. a ſivall Wheel, then muſt the 
Wheel and Pinnion conſilt of ſeveral :Plateg or Wheels, lying 
0: e beſides the other, in the wanner they appear in the 2pth. 

Figure. 
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iqure. |" Where: ſuppoſe it be required, that the Whee! ſhall 
tn Tecthz-and the Pinnion 1005; and yet that the Teeth 
both: of the Wheel iand Pinnion have ſufficient ſtrepgth ; rake 
1 © Plates all-of equal bigneſs and thickneſs, and by 2 or more 
Screws fix them firmly together, as. if one Wheel, cut this 
Wheel into 100:Teeth, and cowpleat it, then fit the middle 
hole-upon. the raund neck ofan Arbor, thenunſcrew the Plates, 
and place them! ip ſuch @rder, that the Teeth way gradually 
follow each other, much-after the manneras is expreſt in the 
2oth. Figure, ( though it be there very ill-expreſt, by reaſon 
of the miſtake and failure of the Graver ) and with ſuch ſteps, 
that the laſt Tooth.of one Degree, may within one ſtep anſwer 
to--the: firſt Tooth of the: nexe Degree. JI call the ro Teeth 
comprehended. within the lighter part,.a b cd, or efg-h, or 
iklm, a of 'Teeth-in ſteps, and d'& fe, or hg k1, 
are Degrees of Notches between the Teeth, and the Tooth b c, 
which is the lait towards the rightband, ſhould have been pla- 
ced within one ſtep as low as e h, the firſt of the next Degree 
on the left ſide, ( though 1tbe.much otherwiſe here graven ) 
whence all the inequality in the touching, bearing or rubbing, 
in a Wheel-work thus well made, would-be no more then what 
could be between the 2 next Teeth inone of the Degrees,which 
would be-much lefs then a toth. part, of what muſt neceſſarily 
happen ina. Wheel of one Plate of roo Teeth only. 

Secondly,If it be deſired, that the -W heel and Pirnion ſhould 
have infinite Teeth, all the ends of the Teeth in the Degrees of 
the 2oth. Figure, muſt by a Diagonalilope be filed off, and re- 
duced to a ſtraight, as in the 21, which may indeed be beſt 
made by one Plate of a;convenient thickneſs, which thickneſs 
maſt be mere or leſs according to the bigneſs of the floped 
Tooth. And this is-to be always obſerved inthe cutting there- 
of, ( though ic be otherwiſe and very falfly expreſt in the 21 
Figure) that the end of one flope Tooth on the one ſide, be ful] 
as forward as the beginning of the next Toath on the other, 
that is, | that the'end. þ c of one Toothon the right:fide, be fu!] 
a$low as e h, the beginning of the gext-Tooth on the lefr ſide, 
(. though by the Gravers miſtake it be -here quite otherwiſe 
expreſt,) I ſhall.nat ſpend more time in explicating the Pinni- 
ons, TStu, rstu, ofthe 20 and,21. Figures, which are toar-. 
{wer 
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ſirer the Teeth of the Wheels, beingplain enough to- 
perſona little verſed in! icks, and becauſe the farther 
and more full Explication of the form and reaſ@n of this and 
other Wheel-work, is compriſed in another Diſcourſe, which 
I may afterwards publiſh. 

Bur to proceed where [ left at this Digreſſian, to the finiſh- 
ing of the Deſcription of the Inſtrument for moving the Qua» 
_ drant, fo as alway to reſpe& the Obje, The conical hole, 
in which the endofthe Axis is to move, may be made after the 
form expreſſed in the 18th. Figure, where aa a a repreſenrs 
an iron Frame fcrew'd faſt to the Floor,b þ b Þ the iron piece, 
conraining the conical ſteel hole, cc c c 4 long Screws, by 
which the piece is moved and fixed inany partof the ſpace, in- 
cluded within the Frame aa aa 3 this by a ftrong ſpringing 
Frame underneath, is kept down cloſe to the Superficies of the 
Floor, and cannot in any wiſe totter or ſhake. ' There is no 
great difficulty in the Contrivance, and therefore I ſhall pro- 
ceed. 

In the next place then, having ſhew'd the way how to keep 
the Inſtrumen:, in the Plainof two Objedts that are to be ob- 
ſerv'd, I ſhall ſhew, by what meansa Quadrant may be kept 
always Perpendicular, and inthe Azimuth of the celeſtial Ob- 
jet. And this I do, by a ſmall addition to the former Con- 
rrivance ; that is, Let ab in the 22 Figure, repreſent the 
Axis deſcribed in the former Contrivance, accommodated 
with all the Contrivances of the moveable Center below, of 
the Clock-work of the circular Pendulum, to keep it moving 
equally round in the middle, and of the Collar ie above. But 
unto the ſina!l Neck f 'muft be joyn'd a ſemi-eircular piece of 
Tron c d, with a Center-hole-in each arm at © and 4, to ve- 
ceive the Pevots 14, of the circular piece of Iron x, in the 
22 and 23 Figures; upon the ſecond Floor 00, muſtt be ſhed- 
faſtly fixed a Bow or Frame of Iron h h, which muſt have a 
hole through it, exa&ly over the middle of the Plate vr, this is 
to bea Collar for the Neck k, of'a perpendicular Axis 1%, 
which by means of a moveable Center 'figed im the cidding, in 
which the Point | moves, may be exaQly adjuſted ron Per- 
pendicularity ; to this Axis at right Angles is fixed @ Frame 
m w, ſteadied by the Brakets or Braces n n ; upon this Frame- 

the 
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the 6xed Sights Of the'Quadrant, are laid and adjuſted to an- 
exa@& Horizontality, and the Plainof drant being onee 
adjuſted to'the Plain of the celeſtial Obje&, will by the circu- 
lar Pendulum moving the Axis a b, in an equal motion with 
thac of the Obje& about the Axis of the Earth, be always 
kept in the Plain of the Obje&, whoſe Azinmth and Altitude is 
ro be obſerved, Now the motion of the under or inclining 
AXIS a b, is comfounicated to the perpendicular, Axis | k, 
by means of the circular Plate x, in the 22 and 23 Figures, 
for che ſemi-circular Arins cd of the lower Axis, taking hold 
of the Points r1 of the Place x, and the ſemi-circular Arms of 
che upper Axis, taking hold of che Points 2 2 of the faid Plate, 
the perpendicu:ar Axis is moved in a proporcionate motion 
with the inclining Axis a b, which Proportion is Geometri- 
cally and ſtri&ly ſuch as it ought to be, to keep the Plain of 
rhe Quadranc exactly in the Azimuth of the celeſtial Obje&, as 
any one Never fo little verſed in Geometry, will eaſily find ; 
and I ſhall hereafter more at large demonſtrate, when I come to 
ſhew, what uſe | have made ot this Joynt, for a univerſal In- 
ſtrument for Dialling, for equalling of Time, for making the 
Hand of a Clock move in the Shadow of a Scyle, and for per- 
forming a multitude of other Mechanical Operations. 

The next thing [| have roexplain, is the way of finding how 
many Revolutions of the Screw, and what parts ofa Revoluti- 
on goto make a right Ang'e, or 9o Degrees upon the Quadrant. 
For the doing of which, I muſt, ina place where I can havea 
go0d Proſpect for a ſemi-Circle, firſt dire& both the Sights of 
the Teleſcopes dire@ly at the ſame Objec, and the ſame Point 
thereof, and then re&ifie the Indices to o, or the beginning of 
the Diviſions ; then I turn the Screw, till as near as | canmea- 
ſure with Compaſſes, the moveable Teleſcope hath moved a 
Quadrant, and through the three Teleſcopes take notice of 
three Points in the Horizon, that is toſay, two Points exaftly 
oppoſite one to another, in reſpe& of the.Center of the Qua- 
dranr, and a third: pretty near the middle between them, in 
the ſame reſped,: which I furcher adjuſt thus ; I ſhew'd before 
how I re&if'd the fixed Sights, ſoas to look exactly forwards 
and backwards, which being accordingly done, I obſerve the 
{uppoſed rightAng!'e, wi;h the moveable Sight on RG 
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and with the Sight fix! on the Quadrant looking forwards, and 
note dilgently the ewoObjeQs pointed atzthen without moving 
the Screw,or moveable Arm upon the [ find thoſeOb- 
zeas through themoveableSight,and the axtSighe, lookingback- 
wards, and direGing one of the SightsexaGly toone Poinc,] ob- 
ſerve, howmuch the other doth vary from the otherObjeR,cither 
by being within it or without it 4 then [ half chat Difference,as 
near as I can judge by my Sight,and move the moveableSight by 
the heip of the Screw, ſo as toreſpet the middle Point : Then 
I obſerve this ſecond found Angle, by the fixt Sight looking 
forwards, and by the moveable Sight, and ſee whether there be 
any Difference, and if [ find any, as near as podlible, I adjuſt it 
again, to half this laſt Difference, and ſo continue to examine 
and adjuſt, till I am certain, that the Angles on each fide of the 
moveab!e Tube, between the ſame and the Sights, looking for- 
wards and backwards, are equal to each other, and conſe- 
quently are both right Angles , or Quadrants of a Circle. 
Which when I have found, I obſerve, by the Indices on the 
Screw-Plate and Limb, how many Revolutions, and what part 
of a Revolution, the Screw hath been turned to open that An- 
gle; this Number I ſet, as the Number anſwering to 9o De- 
grees, and dividing that Number into 90 equal parts, I bave 
the Numbers that belong to every Degree, and dividing the 
common Difference between them into 60 parts, I the 
Numbers anſwering to the Minutes of the Quadrant, and di- 
viding the common Difference between the Minutes into 60 
parts, I eafily make the Numbers anſwering to the Seconds 5 
but theſe will be needleſs, for ſubduRGing the next Number, 
leſs then ie in the Table from the Number obſerved, you 
have the Degree and Minute, and ſome Number perhaps over, 
which may preſently be found by one ſinall Table of the com- 
mon Differences of Seconds. See page 55. 
' Here methinks I hear ſome objeR poſſibly, That the Diviſi- 
ons on the Quadrant, do notexaGly correſpond to the Divi- 
fjons made on the Plate. I anſwer, That in part they do, and 
in part they do not. Firſt, They concur, in that all the Di- 
viſions made by whole Revolutions, ſhew exaltly the ſame by 
the Indices, that they do upon the Quadrant. Secondly, I 
ſay, in part they do not, that is, the parts of any ſingle _— 
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lution, are not exaRtſy and Mathematicalfy the ſame pointed 
out by the Index, upona ms vr gee ge that are made 
upon the Limb of the yo mary t yer, Ifay, they are 
ſenſibly equal even to the ſenſe, aſſiſted by a 60 foot Teleſ- 
cope, and conſequently need no manner of rectification ; but 
yet if any one will be fo curious and nice, he may make the 
Diviſions on the Index-Ring, according to the proportion of 
che Differences of the Tangents, that are ſubrtended within 
half the compaſ' of the diſtance of the two next Threads. As 
ſuppoſe in the above-men:ion'd inſtance, half the Diſtance of 
two Threads be the Tangent of three Minutes, or thereabour ; 
if we examine any large Table of Natural Tangents, we ſhall 
find the Differences berween the Minutes themſelves, even till 
fix Minutes, ( which is much more then double three ) doth 
not differ above one or two parts of a thouſand thouſand, 
which is 1000 times more nice, then our Sight, even with 
Glaſſes, can arrive to, much leſs then will be the difference 
between the Differences of the Seconds ; and therefore it will 
be a niceneſs meerly notional, and of no uſe, and as ſuch, 
ought to be omitted, and the plain and equal Divifions made 
uſe of, they being as to ail ſenſe true and perfe&, and proper 
Diviſions, though as to curiofity of Theory and Calculation, 
unequal, | 

Now I have done, poſlibly fome may ſay, To what pur- 
poſe all this curioſity ? To which I anſwer, Thar though poſ- 
fibly in many common caſes *cis of bur little value, yet I con- 
ceive in general, that it is of infinite value; to any that ſhall de- 
ſign to improve Geography, Aſtronomy, Navigation, Philoſo- 
phy, Phyſicks, &c. And to inſtance in ſome particulars, I 
conceive, 

Firſt, That one uſe of this Inſtrument, may be for taking 
the exa& Refraction of the Air, from the Horizon to the Ze- 
nith ; by which we ſhall be able not only co reRifie all Ob- 
ſervations, and clear them from Refraions, which in ſome 
Obſervations, eſpecially thoſe of Parallax, is abſolurely ne- 
ceſſary, but it may give us anew means to judge of the quali- 
ties and conſtitutions of the Air, as to the ſeaſons of the year, 
and the temperature of the weather, which are to ſucceed. 
For 'tis moſt certain, that there is as great a yariety inthe re- 
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fraftiveneſs of the Air, as there isin the heat and cold, gravity 
and levity, dryneſs and moiſture, rarefaGion and condenſati- 
on thereof, and ſometimes whe) none of thoſe do ſeem at all to 
be ſenſibly alter'd, its refrativeneſs hath been very much va- 
ried, which change does ſeem to proceed from ſome alterati- 
ons in the apper Regions thereof, far removed from the Super- 
ficies of the Earth, and is ſometimes many days in deſcending 
and fermenting, as it were deeper and deeper, into the lower 
Regions of the Air, before it defcend ſo low as the bottom 
thereof next the Earth, But of this much more in another 
place. 

A ſecond uſe is for regulating the places of the fix Stars, as 
to their Longitudes and Latitudes, and Diſtances from one ano- 
ther, eſpecially thoſe within the Zodiack, by which we ſhall 
in a ſhort time be able ro judge, whether thoſe Bodies that we 
account ſo fixt and conſtant, do not vary their Poſitions ore 
to another, which I have very good grounds to believe they 
do. 

A third uſe of this Inſtrument, is for regulating the places 
of the Planets, by their Appulſes to thoſe fixt Stars, ſo that 
not only Aſtronomy will be perfeGed, but the Longitude of 
places upen the Earth, (a thing fo highly advantageous for 
Trade and Navigation) will of conſequence follow, - which 
without ſuch an Inſfrument as this, is in vain expeced from 
the Heavens. | 

A fourth uſe of this may be for ſtating the exact Lati:ude of 
places to a Second, whereby we ſhall quickly icnow, whe- 
ther thoſe Laritudes. do vary, as well as the variation cf the 
Loadſtone, which hath been conjecur'd, not without ſome- 
what of probability, bur is bardly to be determined, without 
ſome ſuch accurate way of Tryal, as this Inſtrument is capabte 
of performing, 

A fifth uſe of it may be, for exawining what influence the 
approach or receſs of the other Planets have upon the Farth, 
as to itsPeriodical motion, and what influence the Farth- hath 
upon them as to theirs; for I have good ground to telieve, 
each of theſe to have influence upon one another, and to cauſe 
iuch motions, as have hitherto much confounded all Aſtrono- 
wical Hypotheſes and Calculations : Of which I ſha'l ſay. more 
0n another occaſion. A 
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A faxth-uſc” may be for meafuring:the quantity of-a:Degree. 
ponthe Earth ; the beſt Experiment of chat kind, abaq is yer; 

——— the World, is that of Mr. Norwood, . made between 
Links and York + Bur if we examine with what Inſtruments be. 
made ie, we ſhall find, thathe was not certain in either of his 
_ Latitudes to a Minute, and conſequently could not be certain 
of the quantity of. the Earth, anſwering to his ſuppoſed wark. 
to twomiles, and conſequently i it could not be made the com- 
mon ſtandard of all meaſure: But by the means of this Qua- 
drant, all Latitudes may be certainly taken to-a Second, aud 
conſequently the error in 150 miles, cannot be more then the 
3oth. part ofa mile, and conſequenely a foot, or yard, or rcd, 
this way. ſtated, cannot varyabove a 6000 part of its length, 
which is ſufficiently accurate for a univerſal and common 
ſtandard of all meafure and quantity, to which all other mea- 
ſures in the World ſhould be referr'd and proportioned. 
This was the occaſion of the contriving and waking thereof 3 
His Sacred Majeſty baving commanded me to ſee that Expert- 
ment accurately performed, and.to give Htm a true Account 
thereof, which had been before, this: performed, had not wy 
indiſ oſition of health prevented. 

A ſeventh uſe may be for meaſurrmg the Diſtance between 
two places, 'exacly ina [{traight Line. This it will perform 
to admiration, by the exa&neſs of taking the Angles, if ſome 
length be exatly meaſured at the: place that is to be” the Ob- 
ject, inſomuch that *cis hardly poſſible, by any other means in 
the World, to come to that exaneſs, nay, though there were 
a continued Plain extended between the two places, whoſe 
Diſtances are to be fonnd; and the ſame were carefully meaſu- 
red with Chains, Rods, or Wheels. By this means the Di- 
ſtance of a Ship on the Sea, can be found more exaaly, then 
any other way whatſoever, by one or two Stations, and a 
multitude of Philoſophical Tryals under this Head, whichare 
not praGiicably to be done with any tolerable accurateneſs, 
by other ways.” 

Aneight ufe may be for raking the exaQ&t.Diameters of the Sirn, 
Moon, and Planets, even to a Second, and the Diſtance of the 
ſmaller appearing Planets fromthe fixt Stars, near adjoyning, 
Now becauſe for this Deſign, it may perhaps ſeem a hittle roo 
Cum- 
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- enmberſom, and by reaſon of ics ſhort Tubes, ſomewhat too 
ſmall, I have therefore contrived an Taſtrument of 6 times the 
lengch or radius, which will take in an Angle of aboue 5 De- 
grees, and yet take inthe whole Angle by one glance of the 
eye, anddetermine.che meaſure thereof to leſs then a Second. 
I have likewiſe invented and made a new Helioſcope, by 
which the Body of the Sun may be look'd on as inoffenſively to 
the eye; as 2 ſheet of white Paper; of great uſe for ſuch, as 
will make Phyſical Obſervations of that glorious Body. Theſe 
I will in ſome enſuing Papers deſcribe. 

A ninth may be for exaftly taking the Level, for the con- 
veyance of a River or Water from place to place ; and under 
that Head of performing infinite of PhiloſophicalExperiments, 
which can hardly be try'd by any other way in the World, 
about the Refra@iveneſs of the Air near the Earth, whereby 
diſtant places ſometimes appear, and ſometimes diſappear, 
under the Horizon. By this means alſo the Rotundity of the 
Earth may be truely found, vaſtly ſurpaſſing any thing per- 
formed by the beſt Levels yet known, To this we may add, 
the height of Hils, if their diſtance be known, or their di- 
ſtance, if their height þe known. 

I could have enlarged upon theſe, and have named divers 
others ; bur defigning it only as an Anſwer to ſuch, as ma 
captiouſly put ſuch a Queſtion, T ſhall rather leave the plea» 
fare of finding them,to fuch as ſhall really ſeek them, to be aſ> 
ſied thereby in their own undertakings. 
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HE neceſſary avocations of buſineſs, and the" 
urgent impertunity of ſome, for the ſpeed 
publication of my Animadverſions , An 4 
me conclude them in the Eleventh ſheet , 
without ſtaying co Explicate feveral, things 
which, I deſigned to go along with them. 
Bae having now retrieved a lietle- more of 
leaſure, both for Delineation and Deſcription , for a further 
elucidation of what I bave ſaid, I ſhall make it my third 

Attempt, to explain ; 
Firſt,  Helioſcope ts look now the body of the Sun, without 


offence tothe Obſervers eye. 4] 
any offe ſervers ey : Ret 4 
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Secondly, 4 way of ſbortwing refle Five and refrefFive Tele- 
ſcopes. EN. 99 
", "Thirdly , 4 way for ufing &:Gleſs of any lengtb , without nur- 
wing the Tube. | | 

Fourthly , 4» Inſtrument for taking the Diameters of the 
Sun, Moon amd Planets , or for taking any other Diffances, to 
five or ten Degrees, to the certainty of 4 Second, Two of theſe 
[ promiſed in the 784. or laſt page of my Animaduerſions, 
ard the other fall in as analogous to them. 

Fifthly, An lnffrument for deſcribing all manner of Dials, by 
the tangent projeitton. 

-I. For adjuſting the Hand of 4 Click, ſo «s to make it 
| move in the ſhadow of « Dial, whoſe ſtyle is parallel to 
1 the Axu: Or, 
| 2. Is the Azimmth of any Celeftial Body, that is, in the 

ſhadow of an upright, or any other way inclining 
; Sixthly, | Style, upon any plain. | 
* The wſes+ 3. Er making 4 Hand move according to the true e> 
* thereof ; | quation of Time. 
4. For making all manner of Elliptical Dials, 7 
Mr. Foſter's way, Ofc. 
5. For communicating 4 circular motion in a (Curve 
Line, without any ſbaking : And for divers other 
i excellent purpoſes. | 
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And firft., Fora HELIOSCOPE which ſhall ſo take 
eff the brightneſs of the Sun, as that the weakeſt eye may look 
#h071 it, at any time, without the leaſh offence. My contrizance 
13, By : often refleGing the Rayes from the ſurfaces of Slack 
Glaſſes, which are grownd very exatily, flat, and very. 
wel! poliſhed , fo to diminiſh the Radiations , that at length 
they become 4s weak and faint as thoſe of the Moon in the. 
twilight, ſo that one may with eaſe, and very wich pleafure, 
view , examine and deſcribe the phaſe of the Sun, and the 
maecu/e and facule thereof, if any ſuch happen to appear when 
the Obſervation is made, and it pives a good opportunity of 
diſcovering them, before we have any advertiſement thereof 
from others... The reaſon of which will be ſuficiently plain 
to ſuch as conſider, how great a quantity of the rays'of Light 
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is loſt by every refleQion, and that every aaa SIR 
duplicate, triplicate, | Wadraplicae, quintuplicate , ' &e. 
the firſt proportionof loſs. Far Toſtance : 

Suppoſe I have a Felioſcope made of an Object Glaſs , 
an Eye Glaſs, and four RefleGing Glafſes, and that, by the firlt 
refleQion, I loſe 2 of the Direct lighe, I affirm there will re- 
main bur = part of the Direct rays of the Sun, which can fall 

the © eye at the laſt, for if every refleGion” doth loſe 
7 of its Rays, and refledt bue * 5» and that quarter loſeth-?, and 
reflects only - of its received Light, there will rewain bur 
= part of the *whole, and if this ſixteenth part loſeth three 
quarters of its Rays, and refleqs only a fourth, it will follow, 
' the remainder will only be ; part of the whole, and if that be 
once more reflected, the Ray will return bur with £; = part of-its 
firſt lighr. 

This, although it be obvious , and eafie enough now it is 
known,yet [ do not find that any Perſon hath yet had thoughts 
of applying it ro this uſe. "The generality of Obſervers have 
hitherto made uſe of , either ſome very opacous and thick 
Glaſſes next the Eye, whether of red , green, blew, or purple 
Glaſs ; others have diminiſhed the Radiation, by covering 
the Glafſes with a very thick and cloſe coat of the ſoot of 2 
Lamp; others, by caſting the figure upon a piece of white 
Paper, whence'tis-refleed to the eye ; Others have conzra- 
Qed the Aperture into a leſs circle, and thereby let in lefs 
Light, and ſo make uſe of one Gngle Ray inſtead of a pencil 
of Rayes ; Others have expanded the figure of the Sun, by 
che help of Eye Glafſes, intoa circle of ten, twenty, or an 
hundred times 1ts Diameter. But none of all theſe waies 
do come near this which I now deſcribe by the help of three, 
four,or more RefleQions,as any one upon trial will very plain- 
ly diſcover. 

Firſt, As to the co'oured Glafſes, 1 cannot at all approve 
of them , becauſe they tinge the Rayes into the ſawe colour, 
and conſequently takeoff the trath of the apPpearance., asto 
Colour; beſides, ic ſuperinduces a hazinefs ' and dimneſs. 
upon the Figure, ſo that ir doth not appear ſharp and dis 
ſtin& The ſame inconvenience isalſo-produced by Monſieur 


Kugenius's way , Of covering the Glaſs with the-foart of a 
B 2 Lawp, 
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Lawp,;thaugh not to ſo great a degree.. The Figure an paper, 
or, a ſmooth white furfice is not magnified enough, -Qor the 
difference of ſhadows ſo very diſtin&, though thardoth' very 
well, if the ſurface be very ſmooth, and the Object be magni» 
fied by a Hand Glaſs. That by the contrafted Aperture is the 
worſt of all, by reaſon of a certain propriety of Light not 
taken notice of yet by Optick Writers, the edges of Ob- 
jets ſeeming ragged, of which I have hinted ſomewhat in my 
Animaduer p +35, and ſhall ſhortly ſay much more, the 
whole ground of Oprticks depending thereon. 

The way of expanding the figure of the Sun by the Eye 
Glaſs, to me ſeems the beſt of all che reſt, bat that is apt co 
vitiate the Figure, to ſuper-induce ſomewhat of Colour, and 
doth not give the ſmalleſt diſtinions of lights and ſhadows, 
without ſomewhat of colour, and ſomewhat of hazineſs and 
dimneſs, 

The Glaſſes of this HELIOSCOPE may be made ei- 
ther by refrafing or refleFing Spherical Glaſſes. The beſt way 
for taking ina large Angle, 1s, the uſing refrating Glaffes, 
both for the Obje& and Eye Glaſſes; but the beſt way for 
eaking in a ſinall part, and for avoiding hazineſs , dimneſs, and 
colours, is, by RefleGion, cither in'/part, or in whole ; that 
is, either to make the Obje Glaſs only by way of Refle- 
#ion, and the Eye Glaſs by that of Refrai#ter, or, both the 
Objed-glaſs and Eye G'aſs alſo by refleAion, and to have no 
refraction at all. The ſeveral waies of doing which I have 
repreſented in the adjoyning Tab.e, wherein I have expreſſed 
ren ſeveral waties of placing the ſeveral Glaſſes, ſo as to be fir 
for the uſe deſigned. 

The firſt way repreſented in the firſt Figure, is, a ſixty foot 
ObjeQ-Glaſs, contracted into a twelve foot Tube, by the help 
of four ſeveral Refle&ing-plates placed between the ObjeR- 
Glaſs and Eye-Glaſs. The Experiment of doing which, [I 
produced and ſhewed before the Royal Society, at divers of 
their publick Meetings at Arwwdel houſe , in the year 1668, 


- and itremains upon their Regiſter. 


This (as I then ſhewed) would be of exceeding great uſe 
1n-all mayiner of Perſpei#1ves and Teleſcopes, if we could find? 
2-pood material that would make the Refle&ions very ſtrong 
and 


- 
- 


, and ſo makethem of caſfi 


This 1 attempted with ſeveral ſorts of Metta), 'made with 
», 2, d, Antimony and Arſexict, but moſtof theſe compound 
Merttals I found to'be very ſpongy , and conſequently in the 
laſt poliſh eo receive, though a very glaring poliſh, yet ſuch 
as did much confound the Obje& by a kind of hazineſs, cſpe- 
cially if Paztybe uſed to glaſe it, and, for this purpoſe, Patry 
muſt not inany wiſe, that I yer know of, be uſed, it being 
ſo very apt to round off the edges of pores or ſcratches, which 
oes much contribute to the hazineſs and confuſion of the Ob- 
wy 
7 If I madeufe of Glafſes foil'd with Duickſlver , which | 
found to give much the beſt reflex, yet I found this -incon- 
venience, that conſiderable part of the Ray was loſt, by the 
double refleQion at the unfoil'd ſuperficies of the Glaſs, The 
firſt from the ſurface of the Glaſs before ir entred ; this, asir 
weakned the Ray, ſo mingling with the other refle&jon that 
came from the bottom , it creed ſowe kindof hazineſs and 
confuſion,” if the two ſuperficies of the Glaſs were parallel, 
but if they were not parallel, it ſuperinduced ſomewhat of 
Colour, unleſs it were helped by a contrary refraQtion in a 
ſecond RefleRing-glaſs, afrer the manner of that which is de- 
lineaced im thefitth Figure, where let «6 repreſent the Obje- 
Glaſs, cg the firſt RefleQing-plate, whoſe thinneſt fide is to, 
and d q the ſecond RefleGing-plate, whoſe thinneſt part 
is towards 8, which dorh thereby take off the firſt Refration 
of 6 g, and deſtroy the- Colours ſuperinduced by the firſt. 
The Ray alſo was weakned much more from the ſecond 
refleQion it ſuffered at the unfoil'd ſuperficies of the Glaſs, 
from the refleRion of the Air,or ether, which is much lropger 
thanthat of Glaſs, at its re-entring into the Air. Befides this, 
I find that the ſubſtance of moſt Glafs is ſo:imperfely mixr, 
that there is in the very beſt much of veinyneſs and inequa- 
lity of RefraQon in- the parts "thereof, and thence, though- 
there 
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ene AXON viſible vein appearing inthe body 


an the h both the ſurfaces thereof were-vety 
yet there was ſame kind: of S_ 


We upon the Objects, by the rays. paſſing through: 
Glaſſes. But this was not in all , for I RE fn ſome that Ca 
very well anſwer wy expeQation, and bþ-am: very -aptith be- 
 lieve,,..chat if a pot of Glaſs were wade on-purpoſe., by a way 
TI, know, .the body thereof might: be made! perfedly i clear, 
uniform, and tranſparent ,- without: blebs., veins , or ſands', 
which, when I have leaſure and opportunity I defign to ex- 
. perience farther, . But this only by 1he by , in relation tothe 
ſhortging'the Tubes of. Teleſcopes for the Moon ;:. Planets, and 
other Objedts, becauſe it is natat all rhonr: preſent purpoſe.of 
making a Helioſeope, where,we make ufe only of the refleQion 
of the firſt ſuperticies of the Glaſs, and where our main aim 
and deſign, is, the loſs, of the ſtrength and brightneſs of the 
Rays,, and-not for preſerying the {trength; and -briskneſs of 
the Ray $, or augmenting them. And therefore for this uſe, 
the beſt (oo bane [ have yet met with, is, black Glaſs, black 
Marble, and Glaſs of Antimony. For theſe ſubſtances being 
very dark and opaque, do refle& but a very ſmall part of 
the Raies that fall upon it, and none of thoſe that penetrate 
into it,eſpecially, if they be thick; and being ofa very hardand 
permanent ſubſtance , are capable of receiving a very curious 
and exad poliſh, and qualified ſufficiently to retain and keep 
it, withou: receiving injury from the Air, or ordinary wiping. 
But in the making of theſe Glaſſes for Long Teleſcopes ; very 

great careand diligence mult , be uſed ro —__ them of a hides 
flat, and ſo much the more, by how amch the nearer they are 
placed to the Objec-Glaſs, and the further from the. Eye-Glaſs n 
a little errour at a great diſtance from the eye being vaſtly mag- 
nified to the eye ar that diſtagce , whereas a greater becomes 
inſenhble, if it be near the eye.;Let « &,1n the firſt; reprefent a 
Gxty foot Glaſs, whoſe ſoqus is at 6; let 4 &#'e f's,:; and. 
b g h tk o, repreſent the two fide Rayes of che pencil of light, 
this Pencil, by the four. RefleQing ſurfaces (yn, #8, « 1, Cx) 
is braken into \ five ſhorter lengths ( » © anſwering toc d; » 8 to 
&%, $+to de, 8: 0 bi, +{-toef;r and 1x to.5/k, and 
laftly, 
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conſider tbe Scheme, +/+; [- | - 
of che.levgth-ofiahe. Tabeis raken 

away, which i is the _— that can be taken away by four Re- 
fle&ions , every refleGion runmng the: whole: kngth of the 
Tube , a eller part, of the length may, becakenaway inany 
propoctionatiged, as in the ſecond; comrivance; deſcribed 
in theſccond re, (WO thirds are taken oft, when the fame 
Lectersanſwer to —_ Obx&-Glaſs, Eye-Glaſs, the flexures of 
the ſide Rays of the Pencil, and the RefleQing-plates-that make 
thoſe flexures. The thurd and fourteenth Figures repreſent the 
Tube ſhortened by two or three reflections , | and ſo ſerves 
to ſhorten the Tube by two. thirds only. Theſe are of uſe for 
a very ſtrong Eye and. wich a fwail aperture ob the Objea- 
Glaſs, and when the Sun is near the Horizon, -or its light is a 
lirtle diminiſhed, by a Fogg, thin Clouds, or the like. 

[f_it. be thought wore convenient -to have this long Tube 
to lie alwaies Horizontal, and confequent]y, that there ſhould 
be no need of having a Pole or Engive to raiſt the Tybe: Jt 
way be framed ſomewhat like that inthe fourth Figure; where 
the ſame Letters anſwer to all the parts aboye-mentioned, 
or elſe like rhat in the ſixth Figure, the Letters of both 
which being the {awe with the formes, will ealily Explain them. 

Now inal! theſe, and 20 other contriwances of this nature; 
with one, two, three, or four Refteing-plates which way te 
preſently thought of, the- ſight is direGed exactly at the Sun, 
ſo that there will be lictle difficu' ty of finding 1c after the 
Glaſſes are fixt to their due lengrhs and poſitions. | ; 

I explained a:[o.at the ſame time /to. the. Royal Society, at 
their oblick Merting at 4r#ndel-howſe, ſeveral other. waics of 
facilitating the uſe ol very long Glaſſes , for other Objects in 
the heaven, by the help of one RefleQing plate only, and that 
was by a Tube fixed, either perpendicularly, horizontally, 
or obliquely, for it wattered,not, whether as to the ſeeing the- 
Obje& in any part of the: Heaven, ſuppoſing other *circum- 
ances hindred not., and the objeR could be as eafily found 
as by the common Teleſropes of the ſame length. Buc of theſe 
elſewhere, 

Theſe contriyances with four RefleFions , miy be made-uſe 
of 
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of. by ſuck whoſe fight'is weak y but ſuch as can endure Ft | 
ſomewhat brighter,and would ſeethe parts-more firong; thay - © 
make uſe of bne of three Refteions 6nly,/Hke chat'of Fig; 1 4. 
which doth beſt fuir my eye, - | nb avk, 

Next, this Helioſtope may be made by Refle&iow only, with- 
out any Refra#ien, and that way be done either in the man- 
ner of that in the ſeventh Figure , when « 6 repreſents a con- 
cave ſurface of a black Glaſs, whoſe focus is 8, which, for In- 
ſtance, wewill ſuppoſe at the diſtance of forty foot, - c « repre- 
ſents a c'ear plate of G)afs of two flat ſurfaces, whichare wade 
not parallel bur a little inclining, foas the refleQion from that 
fade which is furtheſt from the- concave may be caſt another 
way;and-nor fall at all upon the third RefleGing-plate « , and 
becauſe the wedg-like form of this tranſparent plate of Glaſs, 
£4, will cauſe a refraction , and conſequently a coloration of 
the Ray ; therefore there muſt be another wedg-like Plate 
exacly as way be like the former, which at ſome diftance, as 
 atwp, where the refleion will not come to fall upon the 
Place, » £ wulſt be ſo xed that che thinneſt part of this 
lie juſt upon the thickeſt part of c «, and the thickeſt of chis 
over the thinneſt of that, by which means both the falſe refle- 
tions and refratFions will be removed. From «{ the Rays are 
reflected roy 8, and from » b tos the focus, and ſo through the 
lens, £, to the eye x. This I take to bethe beft by RefleHow ; 
but it may be twenty other waies contrived , which I ſhall 
not now ſpend more time in deſcribing, it being ſo caſie a mat- 
rer from the conſideration of theſe I have mentioned, to make 
an hundred ot her variations of the principle. $5 

To this Hekoſcope may be firted Inſtruments for meaſuci 
the Macale , facule, and Nebulz, viſible in the body 3 
the Sun, as aiſo the ſpaces pafſed by them in a day, two, three, 
een, &c. togetber with the variation of their Figures and Magp- 
nitudes ; bur the diaimerer of the body of the Sun will be ber- 
ter taken by the fo! loweng 'Inſtrement. And by reaſon that it 
will be ofien necary'to draw their figures more exaQly, the 
Engine that I have deſcribed in my Animedverfions, in the 
67, 68, and 69 pages,may be made uſe of to keepthe Hekoſcope 
al waies directed at the body of the Sun, which will be no finall 


caſe toan Obſerver, that is eo-deline#te the figures on Paper. 
When 
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the Parallax of "te ſhperjour Planets: and" the Longin 
the Earth , then hath been ever yet done by all the ſoftru- : 
prayer i ae Das 

I. is » in all particulars like-the 
dren, as to its hojfow centre, Screwd-limb, Screw-frame, 
onde Suman Hg the Centre ; and that 
the _ £44 ma down the truer , pop the 
Ee Neb. —_—_ ſwall Art to claſp 

timbof the Inſtrument , after the wanner 
ſented in the $th. Fignre by w, by which means the 
= wilt he kept cloſe, ſteady, and eaven to the outward 
edge of the Limb. The Letters in this $6, Figure being the 
ſame with thoſe of the' x and 3 1465. Figwres of k aries... Lact 
fins, and repreſenting the ſame parts, need no further expla- 
nation. 

2. Inſtead of this Screw upon a circular Limb, a Screw may 
be made to move upon a ſtraight Limb , or Ruler; the end of 
which muſt move upon Centres or Rowlers,, the centres or 
axes of which Ronkre wuſt be exaGly in the ſame line, 
when both the PerſpeQtive-ſights are adjuſted to the ſame Ob- 
Jef and the diviſions began. The ſame thing may be doneby 

Screw , in the manner of a pair of dividing Com- 
a, where the ſame care muſt alſo be had, that the axes of 
the Rowlers muſt be exaRtly in the ſame line , and the ſides of 
the Incompaſling- -ſcrew, being wade of ſteel, muſt be wade to 
about the long Straight-ſcrew ; this long Screw muſt 
bemade of ſteel of half an inch of diameter at leaſt, if itbe 
made 19 inches long, and "twill be beſt to ſcrew it with a ſina!! 
thred\, otherwiſe it will be apt to be nioved but of 2 ftraigh+ 
by ſcrewing a large thred ; and thethred , whether greater 61 
leſs, muſt be made by degrees with 4 pair of cutting-ſtocks, 
that may be fet cloſer every time of ſcrewing. 
© The 
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The namerof Eos whe he 3 Socke 
ſeen. No bs, AWE « e 1.3, Tepretent 
end-way an fs 2.in.alateral:or f JC-x1 
1 is the Row A er ike and 2 of the unc the. 
Screws to faſten they) in the holes, 44 the incompaſſing or 
Socket-ſcrew which ſpringeth cloſe-to the Cylinderſs, 6. the 
Cylinderical ſmooth. Socket which guides. = Cylindrical- 
frrew,ſo as to, wake its Axis paſs exaQly. over the center of the 
Rowler 22, and which, by weansof a Ring 7 on the ſcrew, 
keepeth the pointed- end thereof 8 againſt the ſtay or pore 
rance 9 3, tis _ difficult how to ce a Dividing-plate, and 
an Hand or Index thereunto, nor bow it may be turned from 
the centre of the two Tubes by a long Rod, . as.in the 8th. Ei- 
gare 3 nor vvill it be difficult, after it is known by Obſerva- 
tion, how many Revolutions, and vvhat part of a Roakeien 
anſwers to five whole degrees, to calculate a Table of Sub- 
tenſes, which ſhall ſhew v,vbat part thereof goeth to make the 
ſubteyſe of every Minute and Second of the ſaid angle.. | 

3-The ſame thing in the year 1 665,I performed by a Rowler, 
rowling upon the limb of the @u«drexz, by the, help of two 
Wires vvhich vvere coyl[edabour thoſe Rowlers , and the eads 
thereof were faſtned upon the limbof the Quadrant z for, 
by a large index on the end of this Rowler, I we move 
the arm of the Inſtrument to any fifth Second of the Qu«- 
drant, vvith great eaſe and certainty. 

I alſoat the ſame time made another Frame with a ſtraighc 
Screw, vvhich opened to fivedegrees only, vvith Tumbrels or 
Rowlers like a pair of dividing Compaſſes ( after the. ſawe 
manner vvith this I have newly deſcribed , for taking Dia- - 
meters or Diflances to five degrees) and by the belp.of very 
cirious Lines drawn upon a ſmooth Gtafs-plate,, and Points 
very curiouſly made at every five degrees on the limbof the 
Dazdrant, or Inſtrument on vvhich it vvas fixt, and the help 
ofa very deep Plane convex lens, vvhoſe plain fide vvas turned 
downwards cowards the Plate, and the convex' ſide towards 
the eye, the ſaid Frame vvas moveable from five degrees to 
five degrees, upon the whole limb. of the Quadravr or. [nftru- 
ment , by heh! Inſtrument I could vvith great eaſe a&u- 
ally and accurate. divide an angle into eyery five Seconds, 

and 
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fie bad the plate, exatly over the boleor point of 
divifion by the Screw the OY ou of the Augle could 


- Asto theawethodiof dividing any of theſe ,” he beſt wvay 
vvill be to meaſure upon ſome Plain 10064 T5080, 0r 2bodfoor 
in length, by cwo Rods of ewenty foor'long a piece; or elſe 
by Wires. Breingd vvith vycights, ' the-vvay of which I ſhall 
ſhortly deſcribe':. Beginning from. the very centre of the Tn- 
ſtrumenc,, .and'ar the end thereof, to ſer up-ſo many Deal 
boards j oyned to the end of each other in a ſreighe line;or 
elſe-to a pretty big Line, vvhich ſhall cutthe wealhred 
line of, diſtance from the center of the Inſtroment at +4 
angles, and then by a Table of natural ravgenes , accordi 
the diflance from the centre of the j.putasR 
to ſet and wark off upon thoſe Boards or E5wes che diviſions 
of Degrees and Minutes, by es or Rules, as exaftly as 

may be, and mark them accordingly , that the Degrees may be 
dif inguiſhed very plainly from the Minztes : Then having ad- 
juſted the Inſtrument, frm fee the beginning of thoſe Dovi- 
fions a he 2 og p00 ſetboth the Indices 
£0 #,.0r the the under- 
moſt of. the two Tubes fixt £0: the ſame rang r= to- 
reſpe@ the ſame point or beginning of the Diviſions upon 
the Boards or Live, by the help of the Rod to turn the Sew 
or Row), till you find;the upper Tube: to reſpe& the firſt:wet- 
za6e, and qhen the firſt degree , and fo till you ſee the laſt mi- 
nuce of the five vvhole degrees, or vyhatever Angle elſe you 
defign it to take in ; then (for the firſt and third wa y) reckdn 
how many vvhole Revolutions , and vvhat partof a Revolu- 
tion to wake up that vyhole Angle, ard ſubdivide the 
fame: by a ſwall Table -into Mixares. and Seconds, and: you 
vvill ach find. by-the Trial, that you vvill be able to is 
vide toa. ſtrange accurateneſs upon thoſe Boards, by the help 
of your Tabes and Screw, even at the diſtance of 1006, 1500, 
or 2000 foot,. and even almoſt to equalize the Diviſions by- 
Your, conpdſe when. at the EP TOEn And by this you' 


2 way 


ſod ins cxa@tly or not; whichwilkbes = 1 4 
tion of ce certainey and truth | 

the ſecond way, by ſtreight/Screws, the TabMof Sib«divi- 
fion into degrees, muantes,' and ſremals, —_ 


according to the length of Subs enſes anſ\ 


whichis the diſtanceofthe centiwof.uhe Na hve: 
treof. the Inſtrument... 
Now, becauſe in an lnftramane of wit 1 Wy be 


ſomewhat troubleſome to turn the inte nic by the helpof 
the Screw upon the. Limb, 'vvhich Þ find alfo is fomewhat 
troableſowe in the Inſtrument of NT 


Angle is large, therefore for gy Aran 
to be able Jmmecliately to open; the 

defired,or very near it. The Screw (inthe firil 
nimady.)at the end of the moveableArm,is made, 
ing, to.draw off the longScrew from touching the the 
Limb,; which bei ..the Arid vant t& be moved 
t0-any parc of the, ; when by retiring ehE Sefew 4, * 
the Screw-frame and' Screw is brouphe down aptin' eo take 
hold of the Threds of the Limbof the Inſtrumene, —_ 
ly care to be taken in this ation, NR that —_— 
beatal{ moved out of it»poſture ; Yb 
the Index $ be moved at mnt rey node 
Ir. matrers riot at all though che Screw-rod 999 be turyed 
reundor moved, ſo as it be done bythe Rot pro, andiche - 
handle thereof p 7, ov by the ſmall handſe x#+ the end of the 


of my A4- 
y unſcrew- 


Screw-rod, and; thatthe Index'Þ 'very Ay foxery the 
Grid Rods. bemavee round with hows he borer frag with- 
aut. varying its peſitionro the Rody"for again! b 


down-by the return: of the Screw /, to take” hold of the 
Threds of the Limb, into which irmuſt be ſteadi] y guided by 
hand, the IndeX*ee will ſhew upow the Limb» the 7 Sithber of 
Threds or Revolutions fron the begirning, and the Tridex & 
will ſhew what part of a Revolution there is tobe joyneeto'tt. 

I hope J ſhall not need-ro ſperdicime tor explicate, how 
the Centre of theſe Tubes are to be made', nor how the Glaſſes 
and Thredeſights are tobe fixt, nor need} I much to ſhew, how 
the Tubes may be ſtiffmed to keeps thews from warping very 
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wh to ſubtend one whoR drgre, 1 "yh 
__ of fifty or fixry foot K may Þ 
- Screw very viel, if boEoabid 
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take 


, ſo ooppodekre is the 
: Hogs chat is, ##' the Pls of the right 
NL » Zn, LF __ Telbalh, or Y, the lever; of 


The Tnſtrumentfor deſcribingall manner of Dizly by 

projettion, muftbe madein this'tdatiner, deſcribed 
id-the'r 178. Pipwre , in whick there are two-Axtyor rods of- 
Wire that are } ora. together by a Joynt , which from the 
spplicabiliry of it to', ard fienefs'for 211! Rinds of motions 
and flexures, I call x Hooerfut Foyer + Oie'of theſe Rods þ6, 
is, by the help of a Frames, Sed over 
the centre of the Dial ,-the hats or pointed end theresf c 
being ſubk inro theCencre, aBout whith F ieidt be moved” 20- 
cordingasit ſhall be guided by the'motion of the fetond Red 
or Axis 4d. Thisſecond Rod or Axis, is, By its Frite, tobe 
moved and ſer ſo as to be parallel ro the Axit'of the World: 
then the Hand ee of this laſt being turned co the "A of 
Twelve'on the" Plate ff, the Hand- of the firſt g'g will 
out upon the Diai-plain , the Meridian or Ty 2 of C 
Line. 

And ſo for deſcribing any manner of Dial , you have nio- 
thing to. do bur to find the Sw/iile , and the altitude of the 
Srile above the Plain, and to put the Axis in its due fciruation 
accordingly, that is, parallel to the Axwof the Earth, and 

| then 
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the Axis or Rod 44 by the handle, till you ſee the, Index e « 
on the Axis to pointat thoſe Hours, halfs, quarters,'or minutes 
- you have a mind to take notice of .in your Dia! ; by the ſecond 
ndexgg, you are directed to the true correſponding point _ 
in the Plain of the Dial it ſelf, But in ſuch Dials as are in 
or near. a Polar-plain, ir will be convenienc co make uſe of a 
ſmall Thred to.extend from the Croſs, cill it couch the Plain in 
the ſeveral hours, halfs, quarters, minutes, &c. The Arms of 
the Joynrt in. this Operation are to be ſo fixed , that the axis 
of the Plate may croſs. the axis.of the Rod at right An- 
Cnc: + = ? 
, The flaiverſal Feynt for all theſe manner. of Operations, 
having not had timeto deſcribe the laſt Exerciſe, I ſhall now 
more particularly explain. fr confiſteth then of five ſeveral 
parts, .eachof which Iſhall deſcribe in the 9 and ro Fig. 

The two firft parts are, the Rods and Axes 4 and B, on 
which 'the Semicircular Arms are faſtned, : which are.to be - 
joyned together ſo, as that the motion of the one may commu- 
nicate a motion to the ather according to a proportion , 
which, for diſtin&ions ſake, 1 call Eliptics or Ob- 
9. two ext parts are, the two Semicircular Arms CC 
and D D, which are faſtned to the ends of thoſe Rods, which - 
ſerve to take hold of the four Points of the Bell, Circle, e Me- 
dians, Or Croſs in the middle, X; each of theſe pair of Arms 
have two Centre-holes inta which the ſharp ends of the Me- 
diuxs are put , and by which the Elliptical or-oblique pro- 
portion of Motion, is ſteadily, exaftly, and moſt cafily com- 
municated from the one Rod or Axis to the other. Theſe 
Centre-holes I call the Hands. | 

The fifth and laſt thing, is, the Bell, Rownd-plate, Crof, or 
Medinm X in the ;middle, taken ho'id of by the hands both 
of one and the Other pair of Semicircular Arms, which, for 
diſtin&ions ſake, I henceforth call the e Medium, and the two 
Points 11, taken hold of by the Hands of the Axis, I call 
the Points, and the other two Points 22, taken hold of by the 
ſecond-pair of Arms, I call the Piwot-. « 

F '_ Firft, 


move in Collers, and ſecondty., «rr. I 
of themdo cut each other exa@ly in one point , which point 
muſt not vary.upoen any alteration or change of the Joynt by * 
bending the angle they make with each other,” moreor leſs, 
nor with-the inclination of the Semicircular-arms to any de- 
fired obliquity, nor with the rotation or turning round of 
the whole Inſtrument. They require therefore a very dexte- 
rous, anda very knowing Artiſt, .to make them as they 
to be, to-perform their motion with. exafineſs. Let 4b hen. 
repreſent one of thoſe Rods, and'c. d a ſecond , which are 
mriedecifily cylindrical within the Collers efs: and þ, _ 
theſe Collers a are <fo diſpoſed and fixed on ſome frame, that the 
middle lin# or axis of both theſe Cylinders may cut each 0- 
ther inthe pointe 3 if then both their necks and collers be. 
true and exad, the Axis or middle lines: of them. 
will alwaies cut each other i In the ſame point, howſeeyer they- 
be turned round within their Collers z nor muſt .this point 4 
be varied , howſqever thoſe two Axes are inclined to each 
other, ſo that rough c-4 be infleded to / m, or» 0, and fo 
make either an obtuſeror acuter Angle, yet the point # muſt be 
the centre of -the Medium, where both the Axes concur and cut : 
each other. 
Secondly , The Semicircalar-arms may be made of what 
. bigneſs, thickneſs, or ſtrength, the occaſion for which they are 
ſhall require ; that is, if they are only to carry the 
Hand of a Clock inthe ſhadow of a Common Dial 2 whepes 
made after the Orthographical, Stercographical , or Hevological | 
projeQion; or if they are by an Annual motion to ſhew the 


* . motion of the Sun-in the Ecliptick, or the zquation of Time, 


a very ſwall ſtrength is ſufficient z but if they are for carrying. - 
round a'great 2 ucdrant, ſuch as that I have heretofore de= 

ſcribed , I they muſt be made-ſtronger and wore ſubſtan- 
rial. Carealſo muſt be had, that ey 2? inclining the Arms to. 
any angle may not vary the centre of the Ball or Croſs out of 


the-point,, where the two Axes cot eachother. Both theſe 
Arms 


of Tron, may be "made t0 incline to the axis:of Rod, on 
which they are in any angle deſired, and being ſer ro that 
Angle, to be fteadily fixed , which may be done by a pin, 
ſcrew or wedge ; the way [ take uſe of for the Azimarh. 
Inftramenc,deſcribed inthe 73 p. of my dnimadrerſins,is this 
which 1s delineated and wer £2 oy inthe 9th. Fig., where G re- 
prefents a focket of Braſs,movable cylindrically round abour 
the end or neck B, of the Axis or wo ſame with «6, 
in the 22 Fis, of my Anmadverſions, in any poſture 
defired, by hel > Rip of a fide-Screw h, ſuch as is very commonly 
made aſe of for moſt Inſtruments that are fixed upon theend 
of a three legg'd Staff, and is commonly called a-Cylinder agd 
Socket; this Socket of Braſs hath a ſmall Rod of Iron,f,fixed in- 
to ie at &, which isnear the middle of its concave part, through 
this Rod there is made a ſwall eye or hole , and cough that - 
hole a wedge-like pin »» being ehruſt, ſerves to keep the Semi- 
circular Iron-arms CC, ſteady and fixed in any poſturethey 
ſhall be re&ified to. The Semicircular-arms CC, are to be 
made of very good [ron, or rather Steel, and to have achan- 
_—— ve quite thr the middle of one of them, and 
ning the whole feng! of a quadrant of a Circle, namely 
Foes why 0, becauſe, cobding to the variety of occaſions, -it 
way be varied to any point between » and 0; and 'tis to be 
obſerved, that the Iron-rod kh muſt be ſo far fixed out of the 
axis of the Socketg , as » is diſtant from #5, or o from p the 
middle of the Iromarms between 5and 4, that ſo when there be 


is occafton, the Centre-hole or hands # may be moved top and & 


faſtned. At q muſt be madea Joynt in the Semicircular-arms,ſo 
chat when the end — Exed in or near k,the other 
arm C may fall back from the point #, otherwiſe the circular 
motion, in many cafes, cannot be continued quiteround , and 
communicated from one Rod to the other, by help of the Me- 
dium or Plate x. The fevera] pieces of this Jayne ,as: they are 
apart and diſtin&, you may fee in the 95h. Figure, and as they 
are joyned all together fit formotion you may ſee inthe conch 
Figwre, to which alſo the deſcription of every partis ad- 


Jjoyned in, words referred to by the help of Literal marks, 
which 
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GET, (m3. 
which,\I. hope, will make it ſufficiencly plain co-any Artiſt to 
a | Het 


Thirdly, The medium Ball or Croſs. X, muſt be made of 
a bigneſs ſuicable ro the Arms and Cylinders, and great care 
wult be had chat all the ends, points, or handles, lie exa@tly 
inthe ſane. plain, and that they be all equal]y diſtane from - 
their Center, at leaſt, char any two oppoſite. ones. be fo 
made ; becauſe tit is not abſolutely 'necefiary that they ſhould 
beſoall four , though. in moſt caſes it be beſt z and farther, 
the Handles or Pivocs.ought to be exadtly round, conical, or 
cylindrical-, and the middle lines of them ro cur eachother 
at right -aogles, or upon a ſquare ;z; and in general, thatall 
things about the ſaid Joynt be fo contrived and wrought 
that. the Axis of the two Rods may alwaics cut cachotherin 
the centre of the medium Croſs or Piare, and thacr the ſaid 
Centre, whatever change happens to the Joynt\, may alwaies 
keep exaaly in the ſame very point', without any alceration. 

The ſhape of this Medizw may be cicher, a Croſs whoſe 
four ends bath each of them a Cylinder, which is the weakeſt 
way, 'tisdeſcribedinthe 9 and 10th. Figures by the Crols X; 
or ſecondly, it may be made of a thick plate of Braſs, upon 
the edge of which are fixed four Pivots, which ſerve for 
the handles of the Iron-arms to take hold of ; this is much 
better than the former, but hath not that ſtrengthand ſteadi- 
neſs that a large Ball hath, which is the way I moſt approve 
of, as being ſtrong, ſteady, and handſome ; theſe are deline- 
ated in the aforeſaid Fizeres, by X x, and X x x. 

If it be an Elliptical Dial to be deſcribed by the Ortho- 
graphical projection, the former way for deſcribing Tangent 
Dials , gives the lines thac divide the Ellipſis of the Equrzox 
in its true proportions: and if you wou'd have the Lines that 
divide the Ellipſis of either Tropick, or of any other pa» 
rallel Circle, you muſt reGifie the Semicircular Arms CC of 
the Axis B B, to the degree of the declinationof that Paral- 
lel, and: them proceeding as before, you have..the Lines 
which from the aforeſaid Circle divide the Ellipfis of that 
Parallel accordingly. Perpendiculars alſo,let fall from the ends 
of the Croſs-11 , give the true Ellipfis in the Oythographical 


projetiion anſwering to that Parallel. 
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Theſe Lives thus found, are the true azimarb Lines of the 
points or diviſions of that Parallel, and are this way traced 
out exadtly , without any trouble of Calculation , which for 
ſome purpoſes, in Surveying, Navigation , &c. are of very 
great uſe, as I ſhall afterwards fhew. 

The Univerſality of this Contrivance, for reſolving almoſt 
all Spherical Dueftions, makes it of very great uſe in Nawe- 
gation, if it be adapted as it ought tobe, efpecially for the 
Common Sea-mans uſe , who, with a very few Rules, will be 
able immediately to find the hour, and azimsth of any point in 
the Heaven, fufficiently accurate for moſt Qbſervarions that 
can be madeat Sea.; of which more hereafcer, | | 

For makipgthe Hazd or Index of a Clock move in the ſha» 
dow of the Sty/z, made upon the Face of the Dial, andiex- 
poſed to the Sun, this Foxnr, being made to joyn the arbor 
of the Wheel that goeth round in twenty four hours, with the 
arbor of the hand , performeth ic without any other Wheel or 
Pinion inthe Dial or Face parrof the Clock; if the Arbor 
of the Clock that ſhould have carried the Hand round in 
twenty fourhours, be madeto have the ſame inclination to: the 
plain of the Dial that the Axis hath, whether parallel to the 
Axis or not, it matters nat at all, ſo-that the Hand be reQtified 
accordingly as it ought co be, and that the Syyle of the Dial 
ariſeth from the cenere of the Dial , aut-through which che 
Arbor is produced for carrying the Hand, and placed in irs 
Parallel reſpe& to the Axis, as it ought tobe for a Taxgent 
Dial. For the ſhadow-Line of the Axis upon the plain of 
the Dial, being alwaies carried round the centre of a Dial in a 
plain, which paſſeth through the Fxw# or Style, and maketh equal 

ons about it in equal ſpaces of Time, and unequal-pro- 

| upon the Dial-plain, according to the proportion of 
Inclination, and the whole Revolution being performed in 
ewenty four hours, and the Hand of the Clock upon the Face 
of the Dial being alwaies moved in a plain which pafſeth 
through the Arbor of the Clock, and maketh equal pro- 
greſſions in-equal ſpaces about the faid Arbor, bue unequal 


progreſſion abour the Centre of the Dal, A the 
differing Inclinations: And thoſe Inclinations being both in 


the Sun- Dial and Clock+Dial the ſame, 1t will follow, that ahe 
; : Hand 
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(19) | 
Hand of the Clock muſt alwaies move in the ſhadow vf the 
Sexde; if the Hand be once reQified tothe true Plain, andithe 
Axisor &rbor make ies Revolution as it oughe wdointwenty 
four hours, 

If it be further deſired , for the eaſe of taking Azimachs 
and 4/titwdes, that the Arm of the Agiaack: quadnaae that is 
once adjuſted to the Celeftia! Objedh, ſhould, by the aforeſaid 
Joync or Inſtrument, be kept alwaics reſpeQing and follow» 
ing the ſaid Object in its Di#r#4 motion, cas þ oh rem. 
performed by the help of a ſmall perpendicular Rater, whole 
lower endis Joyn'cd into citberof the Arms rt , of the cir» 
cular Plate X, in the 22 and 23d. Figare of my Animadyer- 
froms , and the upper end joynted into the moyable' Arm, at 
the ſame diſtance from the Cenre of the Q that che 
lowerend is from the centre of the Place | chat the centre 
of the Paadrent be ſet cry prrendcala over te err 
of X, but then the diviſions by the belpaf the Screw cannot 
be eade fe of becauſe the Clort-waik b = ooh 
movethe Arm : But it may be done by any 
che minute Diviſions are pendent re tn Mg Dink. 
For the Arms of the Circular-plate 1 1 being alwaies moved in 
the ſuperficies of the Cone deſcribed , by the radiation from 
the Cazleftial Object to the centre of the Place X, that-is te 
ſay, the Line that paſſes throught 

the two Points:1 1, beiagalwai 

Coeleftial Objedt, if the Armof the Quadrant be moved jper- 
pendicularoverit, and parallel to it, that alſo muſt bealwaies 
directed to it. And bence it mey very eaſily be conceived, 
how theaforefid Semicircular Arms may be readily and:icer» 
tainly reQtified to any Calefiie! Qbjedt ; that is, by fining Te- 
leſcopes or G—— upon the Circular-plate , ſo az the 
Axis of them may be 6 T + 0 
loofing the Screw & to reQifie: it to- the iObje@ by the fight, 
and then immediately tofix itin the faid poltre by the 

ſaid Screw z the Clock-work of the faid Inſtryment paving 
been before that put into motion. The: reaſon-of all which 
will eafily appear to any one that throughly confiders, that 
all Celeſtial Objedts ſeem, by the diurnalmortion of the Earth, 


to move equally from Eaſt to Weſt about-the Axis of it , and 
D 2 would 
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woyldjalfdo exa&ly ſo, were they not ſomewhiat' variedby 
their own proper periodical revolutions, which though is 
doth indeed make. a real difference berween- their velocities 
about the Axis of the Earth, yet that difference 1s but ſinall x 
and the ſame-circular Pendvlum will ſerve both for the Sex, 
eNoon, Planets, and Stars, if at leaſt che Pendulum p, in the 
fifteenth. Figure, bea little Tengthenedor ſhortened', by lifring 
up or letting down the Rod'q q, in proportion as the Body &. 
moves ſwifter or flower. And 'twill not be difficult co mark 
uponthe Rod 9 gz the appropriated length of: the Pendulum 
for the S#z, eMoon, or Stars; but this only by the by. 

' If in 'the next place it be defired , that the Hand of the 
Clock ſhould be alwaies carried round upon-the face of the 
Clock, in the ſhadow- of a Style perpendicular: to that plain; 
by reaſon that the declination of the Sun daily varieth , the 
angles of the ſhadory about that Style varieth alſo, and cons 
ſequently- the inclination of the plate of the" Joyat ro. the 
Axis or Arbor'-muſt vary alſo, and that variation mult al- 
waies be the ſame with the variation of the declination of 
the Sun', which is-twenty waies mechanically performable 
in Clock-work , ſo that the motion ſhall be: performed b 
the Clock-work'aloge , without touching it with wanker 
All the 6ther dire&ions that are requiſite to adjuſt the Clock- 
work to ſuch a Dial, is, only to make the Arbor of the 
Clock-work to have the ſame inclination to the plain of the 
Dia), that:the Axis of the Earth, or a line paralel to it hath 3 
and reAifying the Hand into the true plain of the Axis , or 
Inclined arbor, the equality of the motion of the Clock- 
work-, according. to the diurnal and annual motion of the 
Sun, we ſuppoſe alſo -to be provided for. 

If -the Hand of the Clock be defired to be moved in the 
ſhadow of -any other ſtreight Style , howſoever inclined eo 
the plainof the Dial , then muſt there be another Joynt like 
the former, added to the: end 'of that Axis which was per- 
pendicular to - the plain of the Dial, and ajl the three 
Axes muſt be- ſcituate in reſpe@ of the Plain ,' in which the 
Hand on the end of the laſt is to move, that the inclination 
of the faid Axes to each other, may repreſent the inclination 
of- the Axis to-the perpendicular axis of the Plain, and of 

that 


%a ” n Ee a o ; Far ”% . Fra 
» 1 , <4Y _— _— 
" » "14. "v7 
U : * v 
4 4 - & - S. 
MN bo 


SD 5 as 2 OO OE RY 
rhat perpe Axis tothe axisofiche'Style. 1 Or, which 
is ſomewhat ſhorter, and may be made morn —_ 'Ler 
che ewo- ends of che, Hand: repreſent (the yo; points of the 
ſecond circular Plate or Globe , extended: long enugh to 
reach to the hour Circle, then -let the axis of this: fecond 
Arm be placed'inthe axis of the inclined Style , and ler the 
axis of equal motion, repreſenting the axis of: the diurnal. 
motionof the Earth, /be placed: with ſuch inclination-ro it, - 
asthe axis of the Earth hath to the oblique ' Axis or Style of 
the Dial, and the motion will be moſt exaQtly performed me- 
chanically, andaccording to the.truchof. Geometry and Calz=- 
culation.. : 

Now,in all theſe motions, care muſt be taken, to prowide-- 
that the:inclination of :the- declination of the Sun from the'E- 
quinoGial, be expreſt by the ends 11,in the 22 and 23:Figares 
of the Plate of - my . Antmadverſiens ,. of the- Croſs , 
taken of -by the ſemicircular arms 6 4, upon the end of 
the firſt Axis; . that.is, that:the ſaid arms- way, by their revo-- 
lution;: make the line-of the Crofs. deſcribe ſuch a cone about. 
the firſt Axis, as the motion of the Sun doth. about the axis 
of the Earth; making the centre of. the Earththe apex of that. 
Cone ; which will be done, if the ſaid ſemicircular Arms be 
woved,- and ſet to the deciination of the: Sun for that day. 
Or; that an. additional motion be, added to the- firſt Axis, 
that the Clock. it ſelf may. perform-:it, - This:may be done 
rwenty waies .caſily enough , which I ſuppaſe will be ſuffi» 
cicntly obvious to any knowing Mechanick , and that with- 
out the-help of Tooth-wheels or Pinions, which in works of 
this natureare in no- wiſe to be wade uſe of, by reaſon of their - 
ſhaking and uncertainty, which I ſhall elſewhere deſcribe, | 

There is one only difficulty in this motion., and that is only 
in ſuch Objes as paſs over, or very near. the Zenith or Nadir - 
of the place, for in thoſe caſes, when the Obje& comes very 
near the Zenith, the obliquicy of the morion of the one ta | 
the other is-ſo very great ; that the firſt Axis doth nor move 
+ the ſecond. without ſome difticuky : But to remedy this, the 
expedient is as eaſie, and that is., by having a li:tle barrel | 
about the perpendicular Arm, to carry it forward asfar and ' 


as falt as the firſt Inclined axis will permit it; which weighr - 
wa", 


- 
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- may be removed asſoonas the Obje@ 1s a little way paſt the 

The next uſe that may be made of this, is, for carrying the = 
Hand of a Clock ſo, as my move over that point of 
the Ecliptick in which the Sun is, m a Stereographical 
iojeikios of the Sphere upon the Plain of the Equinodtial, 
of in- an Orthographical projeion of the daid Sphere upon 
the ame Phain, :ſo-as to expreſs thereby'not only the differing 
right aſcenſions , but the anomaly alſo-of the Suns motion in 
the excentrick of the Ecliptick. And by this means the 
Face of the Clock may be made by a Planiſpherical pro- 
jeGion , to repreſent the motion of all the Stars a | 
m #hy Horizon thac is inot Too near the EquinoQtal., their 
Rifings , | fertings, *culminatings , azimuths, and abmicaaters ; 
FO and ſettings of the Sw, the lengths of the Days and 
Nights, and of the Twilights and Daewnrngs , and other 
Problems of theSphere. And,which is a confi this, 
it may*bemade to ſhew the equation of . Time, which igne- 
 cefſary ro be made uſe of for ſetting a pendulum Clock by 
the Sun , - the manner of doing which I muſt refer toanocther 
opportunity, as [I o—— the por this Joynt, for drew- 
. . ex, . » b a oO bending H, , q for "— 
- peed SFr rill 1 gum tr Is ry. | 

wrning , capable to torn all manner of Cond Lines, 
and Cn oeidicet? all manner of Foliage and Flower-work, all 
variety of Basket or Breaded-work, all variety of Spire! and. 
Helicel-work,ſerving for the imitationof the various and 
carvings of all ſorts of Shells; for cylindrical and conical Serews; 
a'l variety of Embefiments and Statues; all variety of edpedand 
Wheel-like work ; all variety of Regslarly ſhaped Bodies, whe- 
ther the five Regular bodies of Pets, or produced from thoſe 
by various ſeQions or additions, of which the variety is in- 
finite 3 ail variety of bended Cylinders or Cones , and thoſe 
whether round, in the manner of an Oxes-born, or compreſ- 
ſed and angular, like thoſe of a Remor Goat ; for all manner 
of Swaſbt-work , Compreſt-work, &c. every of whicti prin- 
cipal parts hath a vaſt variety, and the compound and 
. decompound principles have a variety almoſt infinite. 


Appen- 
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WO: - Angeaide;: 


Concerning the Eclipſe of the Moon, 
obſerved is London. 


» 1677, being at or; Junar More, in che 
J== gary Far and making uſe of a Teleſcope of eight 
foot, and my pocket-Watch, whoſe ballance was regulated 
with ſprings, I o>ſerved the Eclipſe of the Mao, which 
began at about twenty wiautes after five , the penumbra very 
much cheating the naked eye; for the Perumbra had darkned 
that fide-of the Moon, next the ſpat Grimaldi, about half an- 
hour before, and grew darker and darker towards the edge 
where the Hmbrecncred, ſo that if the light of the. Mow were. 
diminiſhed either by refle&ionupon dark. Glaſs, or looking 
throogha ſmall hole, between a quarter and: a mid parcel 
the Moon ſeemed eclipſed before the Kmwbres- centred; but the. 
Teleſcope diſcovered ic plainly to be no true urs, but. 

4. 

This I note, becaufe ſuch Perſonsas doinormake uſe of a 
Teleſcope, bur only of their'naked eye, are very-ape tobe 
much deceived in their eſtimation of the beginning and'end 
of the Ecliplſe.. 

At 5. 43. we judged by the Teleſcope that the Moow-was 
eclipſed fue digits, or balf; ar:6. 19, the tocal Eclipſe began; 
when the Moon-appeared 'of: a:very red colour , eſpecially 
rowards that part of the Limb: where the direc Raies left it; 
which wasat the Mare Griftum,which is oppofite to Grimaldi. . 
Now the Skie being ſomewhat clearer, it being before hazy,.. 
with the Teleſcope | began to diſcover a great \number of 
=_ Srers about the Moor, which appeared yet nuch more 

s$, after I had taken off: 'theapperture from the 
ObjetoglaB, and amongſt the reſt, wore: oa Be ono i» -- 
ous, and: lay. in the way of the Moom, which. I L 
watchedandobſerved that it was jaſt covered by the Gl 
at 6% 47". 30". the Moen firſt covering ic with that parvaE'its 


which. 
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which was almoſt perpendicularly under the centre of the 
Moon, 4 
About three quarters of an hour ther the total immerſion, 
the body of the Moy was exceeding dark , and almoſt a 
ceivable , being then near the eentre of che limbra-, 

afterwards the Eaſtermoſt or iforemoſt - part. of the Limb _ 
the Moon began tobe inlightned, whereas before the Welter- 
moſt Limb had been the brighteſt. This was alſo very no- 
table, that thatparc of the eMaz' that was towards the 
North-Pole, a-pretty while before the emerſion of the Moon 
out of the total Eclipſe, andeeven till the very emerſion,. and 
ſomewhatafter 100, appeared inlighened with a,much brisker 
light than. any | other part of the"body', ' except that which 
was next the Limb where the light again entred. From what 
cauſe-this ſhauld happen, I know not ; poſlibly it might be 

cauſed by -a greater refra&ion of the Air near the North- 
Pole af the Earth, and I am much troubled, that [ had.noc 
taken notice whether the like phenomenon had not happened 
tathe bedy of the Moon before it had paſt the centre of the 
Umbrs. It was very wanifelt, that there was a conſiderable 
quantity of light that kept that Limb of the Moon which 
- was next thelight, conſpicuous by the Teleſcope all the:time 
of the total Eclipſe z and 'tis very rational to afcribe'it to the 
Raies of the Sun, refrated by the Air, or atmoſphere of the 


Earth. 
I was very well pleaſed to obſerve the Moow to cover 


ſeveral ſmall Stars that lay in its way, but I kept no 
account of them, - but only watched diligently when the Star 
that encred behind the Moorn-at 6. 47. 3o- would come; our 
again, which 1 found'itto do at 7.30". ſeeing itar the very 
woment of time that ir began ro-appear again. And it was 
al at the ſame inſtant diſcovered by Sr. Fomwas More, who was 
expecting it with another Tube. 

At 7:58. the body of the Moor firſt emerged out of the 
Hmbra at the ſport Grimalar, and ſoon after all thoſe ſiwall 
Stars that were: conſpicuous before abouc the body of the 
Moen, vaniſhed, However I had, before its firſt emerſion 
our bf +he ſhadow, taken a little draught of the ſinall Scars, 


accarding ©. their ſeveral poſttures and wagnitudes, only by 
b gueſs, 
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k after, when the Map was 

Sr he was That, had: Ti 

lipſe, - aud. that thereby: L wipht the more 

es the true place of the / 9 
Car inlunt which I found to be that in Beyer, touching the 
Ecliptick, in about 219.40'. of Gezcer. The f{mbre ceaſed 
wholly at cight of the Clock and five minutes, though the 
Penumbre then poſiefied-aitmoft a third of the Moos Diame- 
ter, and laſted near half an hour after, before that ſide of the 
Moos was perfedtly inlightened Like the ocher. 

There was one Dire remarkable,which I took 
more eſpecial noticeofy. as ſeeming to me very canſiderable 
— the determining that controverſie, whether the Myon have 

e or not, like that of the Earth? And that was, 
thipaer the eMoen was entred wholly into the fimbres of the 
Earth, that part of the Limb of the which was laſt en- 

, continued for a conſiderable while to bave a very 
great brightneſs upon ir, which extended on each. fide that 
part of the Limb, both northwards and ſoirhwards, to a= 
bout aquadrantof the e Moons Limb,making arepreſentation 
almoſt of a New Moon abour a day or two old, and as the 
of the Moon was immerged deeper into the ſhadow, ſo 
this brightpeſs or light grew fainter and fainter,buc ſill ſeen: 
ed to ſpread it felf very far upon the Limb of the Myon ouly, 
and nor upon the body thereof, That which was ſpread in- 
tothe body Doin much fainter and weaker, and ſeeming (as 
T before noted) to proceed from the refraGion of the Atmaſ- 
pheresof the Earth. Nor wag this only conſpicuous at the 
Aves: entring into the total darkneſs, bur as remarkable alſo 
at the exitss thereof out of the ſame, inſomuch that ſome of 
thoſe-Perſons, who at the ſame time viewed the ſame with 
me, verily believed the Moos was not wholly eclipſed fo 
ſoon as really it was, nar continned ſo long in that obſcurity, 
as very viſibly irdid by the ſpace of two or threemiouces. For 
gags Seb deat this inliatitolngof the, Linh I 
r6 appear, andI obſerved its increaſe, and and ſpread- 
the Limb, rill the very inſtant chat the.inumediace 
bebe of the Sun rouched rhe verges extremity of the Res 
e 
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af, which tis indeed fo very” briskly bright and er, BY 
that it did not oaly foon' meke the other 
alſo pena | Sears'rhar ly cures, ror roir, TR 
wards the end'alfo many of 'themore 
pecially arr ereorn eumacets.7i; y of te Aw, © 


Poſtfcripr, 

Should have here taken leave of my Reader for this time, 

bur that finding in che IrauſuBions. a paſſage inſerted our 

of the French Journal de Scavans, about the invention of ap- 
plying a Spring to the Ballance of « Watch, for the 
rhe wotlon thereof, withour at all or notice thar this In- 
the was frff found our by an Exgiiſþ-man, and long fivce 

liſbed tothe World: | muſt (be the Readers patience,whilſt 

'D Mm vindication of my own right againſt ſome unhandſome 
proceedings , do acquaint him with the ſtate of this mat- 
ter. 

About ſeventeen years ſince, being very inquiſitive about 
the wen the fre of Time, in order to find the 
tude, I did froman Art of Invention, or mechanical 
( which I was then Maſter of ) find our and perfe& this _— 
rrivance, bothas to the Theory and Experimental verificati- 
on thereof,of which [ chen diſcourſed to divers of wy Friends, 
but concealed the avodav. 

About fifteen years fince, to wit, inthe year 1660, pre- 
ſently after his Majeſties happy Reſtauration, I was in creat 
—_ ſeveral Perſons of routes day rogers of which are ny 

, though ove of them is fivce dead, bur I have {i 
to produce in RR wricing that } mogny.Gr for 
the york thereof, upon biges Jy 
This I can prove by undeniable = dons - 
ving, and I have ſtill all the Papers, Articles, and TrankaRibns 
of this matter by me, intheir own hand-writing. 
Jn 
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,- ade beg Tru ap wipaths 2. I wat aecefiits 


on. "ts way of applying ans #18 


4s Watch, tbe vibrations 
thereof in all s, this = did, to the end that-[ 
_ ſomewhat of belief in thoſe Noble Perfons (with 
whom I was to treat) That I had ſomewhat more than or- 
divary, and was not one of the heard-of Pretenders to thar 
Tovencion : which effe& it bad, and their Treaty with me 
had finally bery, congdaded foe ver Thouſand pounds, 
wn yy broke ic off, which was, Thas 


Inventions about the finding the 

' *Y _ as rw wy 03 op aoe 7d 
Forory or er 0- 
wing my _ oped, GS oe 


during the terms of the Pattens, andwot 1 To which Clauſe 
I could no waiesagree, knowing "twas cafie to vary my Prin- 
ciplesan bundred waies, and 'ewas not imprabable'but.thar 
there might be made ſome addition of cotuckienth ro: what 
I ſhould at firſt difcover, /jt 
And j 


being facile Inuentis addere. 
ging it moſt unreaſonable to be deprived of :the 
of my Iaventions, .in'themſelves; ſufficient, becauſe 
others might vary.thew , 'or any: other ways improve-cheny, 

of which it was very.probahiethey-would have no thought, 
if they bad on age of Being inſtrufted by wy 
diſcov oa? Rs ving [ain hid ſome thouſands of years already, 

aS1 the ys hath made evident and Fray 6 there ha- 

ving. been nathing. done. by any body eife upon that matter 
for theſe fifteen years, 

Upon this point. our Treaty was broken of, and I con- 
cealed the farther difcovery of any of the other more con- 
pom parts of my Inventions, for the regulating of Time» 

F, a8 nopIng [ might Gad ſome beuer opportunity of 
ring then together with wy way of fendingihe Low- 
gage of Pao) tg which I hoped:t@ haze had fome bene fic 

all the labour, ftudy.,, and charge [[' had beedar: for the 

perfetting thereof., Upon this I-was ery That: |. had better 

beve they diſcovered all bh foce there were others that __ 
E 2 
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_ {1 onemichis for munths; cowbich] afivertd, that” F 
pry theme one frven years '; and it if row abdve-rwictſereh, 
and 1 do-not find ic-yer fqund'oor.” Trndedd Mr: Hapenttiath 
made uſe of that part I difcovered, andſomewtatMr: Leib- 
itz hath hit upon, but both of them areFmperſt@ as F ſhall 
hereafter ſhew. (8M KI 165 JRAUTPOACLOS (HR agg Ht 

Tis true,” 1 :was alarunid by one bf thdfe Perſons /#bobr 
rwo years after pen Pray y cr pot fork news Re the 

Longitude was fonna ont by # Fer[ou' var ; by & w; 
carrying My. Hugens's arab et Moree 3}, ele þf 
4 Ball and Suchet, hung tothe ander fide of the Deck of 4 Ship, 
But having a deſcripriowof ihr, $* tytofdthat Perſon, 
That that Invention weeld 4s wine ws bet; and indeed we 
experimentally found it uſeleſs to thar'&ffeR nor long after; 
upon a trial made of carrying the ſaid Clocks off to Sea in 

. one of His Majeſties Pleaſare- Boats, inthe year 1662. 

- The lovencion indeed in it ſelf was ingenious , and did 
much ujore than whac Mr. Hug ewe did expe@&, as I was then 
informed-by the Right Honourable the Ear! of Kincardine, 
rhe Author and perfedGer of that part of the Invention, Byt 
wanting a little addition (which I concealed, and Mr, Hw- 
gencbath- not got yer that-T hear of) it failed of the'effe& 
that was expedited. | Notwithſtanding this, it was nor Idpg 
after publiſhed” in Low *'Darch,, and prefently after in 
Exgliſþ z wherein what \made for it was related, bur 
what made againſt it was concealed, though chey were both 
equally known. . 

herfide 


T 


nature of Vibyations, the wearing of Materials, thie - 
of. the Ship, and divers others. Next, it w 


t0 bring ito uſe, for. Sea-men knewtheir wed Dead BO 
ry Coarge 


Port, and-Men would not be at the unneteflary tharge of the 
Ipperatas , and obſervations of the Time could not be well 
made at Sea, and they would nowhere be of” nſe But in Eaſt 

| and 
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ind Weſt Indies Voyages, which were fo perfely onder. 
ſtood that every Common Sea-man aimoſt knew how co Pilot 
a Ship thither, And as for making bexeſie, all People loſt by 
ſuch underrakings ; much had been talkrt about the Prems- 
ans for the Longitade , but there was never any ſuch thing, 
no King or State would ever give a farthing for ir, and the 
likes All which I ler paſs, 

Ar the earneſt -importunity of a Dear Friead of mine, 
fince deceafed, I did, in the year 1664, read ſeveral of my 
firſt Cotlerien Leftwres upon that Subje, inthe open Hall 
at Greſbew Colledge, at which were preſent, beſides great 
number of the Royal Society, many Strangers unknown to me, 
I there ſhewed the ground and reaſon of that application - 
of Springs to the Bellexce of a Watch, for regulating irs mo- 
tion, and explained briefly the true nature and principle 
of Sprizgs, to ſhew the Phyfical and Geometrical ground of 
thews And. I explained above twenty feveral ways by 
which Sprawgs might be applied:to do the ſame thing, and 
how the Vibrations might be fo regulated, as to make their 
Durations either all equal , or the greater (lower or quicker 
than the leſs, and that in any proportion aſſigned. - Some of 
theſe ways were applicable to leffer Vibrations, others to 

eater, avFof 2, 3, 4, 5, 6. or what numberof Revolations 
were deſired ; the models of which 1 there produced, and [ 
did at the fame time ſhew wherein the aforeſaid Sea-Clocks 
were defeftive. 

All thefe particulars alſo were at ſeveral other times , at 
the Publick meetings. of the Royal Society, diſcourſed, expe- 
rimented, and feveral Models produced. I did alſo, at the 
earneſt deſire of ſome Friends , in tte year £64 and r665, 
cauſe fome of the ſaid Watches to be made, though I was 
unwilling to add any of the better applications of the 
Spring to them , as waiting a better opportunity for my ad+ 
vantage. 

OF all theſe things the Publiſher of the Tranſettions was 
not ignorant , and I doubt not but Mr, Hugexs hath had an 
account, at leaſt he might have read ſo much of it in the 


Hiſtory of the Royal Soctety as was enough to have given him 


notice 
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notice of it, for pege 247 of that Hiſtory, amongſt other Þx- 
perimented Inventions, there are recounted ſeveral new ways 
of Pendulum Watches for the Pocket , wherein the motion © 
regulated by Springs, &c. The accounc of the ſeveral ways 
was given ſomewhat larger to the Learned Author of that ex- 
cellent Hiſtory, though he, as judging it more proper to his 
deſign, was pleaſed to give only this ſummary account; 
Mr. Hagens might therefore , if he had pleaſed , have wen- 
tioned the firſt Imventer, Nan ingenuum eff fatert ; as he 
might alſo that of the Circular Pendulum, which is menti- 
oned in the ſame page of the aforeſaid Hiſtory. 

But though he would not pleaſe to confeſs. he knew my 
publiſhed Invention, yet { «mv fere he hath manifeſted , that 
he knows zo more than what | had formerly diſcovered , he 
having not in leaſt mentioned the othe Concrivance ,. which 
is the principal , and without which the firſt part of the 
Inventjon is but lame and inperfe&, and doth but limp on 
one leg, and will ſome time hobble?, and tumble, and ſtand 
' ſtill. - And the ſaid Watches will not be 8res Fufte, nor ſhew 
the Longitude at Sea or Land, bur, on the contrary,they will 
be ſubjeR to moſt Inequalities of motion and carriage, and 
with wany of thoſe motions will be apt to ſtand ſtill , what» 
ever to the contrary is affirmed in the French Fournal, or in 
the Engliſh Trenſattions. 

I forbear now to mention any further the carriage of the 
Writer of the TrenſatFions in this Aﬀaic, and begging wy 
Readers excuſe for this digreſſion, I ſhall conclude this 
TraQ with a ſhort communication of the general ground of 
my [nvention for Pocket-Watches, the number of particular 
ways being very great, 'which (that the true Lovers of Art, 
and they only way have the benefit of ) 1 have ſet down in 
the U{niverſel and Real Charafer of the late Reverend Pre- 
late, my Honoured Friend Dr. Fobn Wilkins, Lord Biſhop 
of Cheſter, deceaſed. In which I could wiſh, that all things 
of this nature were commmnicated , it beirg a Character and 
Language ſo truly Philoſophical , and fo perſeQly and tho- 
roughly Methodical, that there ſeemeth to be nothing want- 
ivg to wake it have the utmoſt perfe&ion, and bigheſt Idea of 

any 
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ny Gtaraier or imaginable, as well for Philoſo- 
as for common and conſtant uſe. And Jwhave this furs 
ther to deſire of my Reader, who will beat the pains to deci- 
pheriand underſtand this deſcription, that he would only 
make uſe of ir for his own information,and not communicate 
the explication thereof ro any that hath not had the ſame 
curioſity with himſelf. 

.. This "1 do, not fo much to hinder the ſpreadingof this 
Deſcription here delivered, as to revive, and, if poſlible, 
bring into uſe and practice that excellent Defign : It being a 
Character and Language perfefly free: from all manner of 
ambiguity, and. yet the moltcopious, exprefſive and ſigni- 
ficative of any thing or Notion imaginable , and, which re- 
commends it moſt ro common uſe, the moſt eaſie to be under- 
ſtood and learnt in the World. See Table the third. 

To fill the vacancy of the enſuing , | have here ad- 
ded a decimate of the centeſme of th&Snventions | intend to 
Po though poſſibly not in the fame order, bur as I can 

omg and leafure ; moſt of which , 1 hope, 
will be as uſeful to Man kind, as =P are yer unknown and 
new. 


1. 4 REO of DA all forts f Watches or Time- 


ſo 4s to make any way to equalize , if not exceed the 


Penal Clocks now uſed. 

| 2, The true Mathematical and Mechanichsl ous of all 
weuner of Arches for Building, with the true butment neceſſary 
to each of them, A Problem which no ArchiteFFonick Wri- 
ter hath ever yet attewpted , wachlefs _———— abcce 


ticaler Explicati abjelÞs in which it is to- 
be found: And the way ” *aag the velocity of Bodies: 
moved by them. ceiiinossstruu, 
4. 4 very plain and pratfical way of counterpoifing Li 
m_ of great uſe im Hydraulicks. Diſcovered. 
. Anew ſort of Obje-Glaſſes fer Teleſcopes and Mi 
contbiges much outdoing any yet uſed. Diſcovered. 


6. # 


TY 
6. A new Selenoſcope l enough ems 
whereby the ſmalleſt i nepali ot the m—_ ah 
A 8-Lcp 26 diſtinguiſhed. Diſcovered 
97. Anew ſort of otinamtal -Sayls for « Mill, 
the moſt that any age ts -Sojls of that bignefi —_ aſa 
and the various wſe of that principle on divers gre occaſions. 


Diſcovered. 

8. A new way of Poſt-Charriot for traveling for, without 
much wearying Horſe or Rider. Diſcovered. 

9.. 4 new ſort of Philoſophical-Scalcs, of great ſe in Ex- 
perimental Philoſophy. *cdeiinnoopsssttuu. 

10. A new lwvention is Mechanicks of prodigious uſe, ex- 


ceeding the chimera's of perpetual motions for ſeveral uſes. 
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DE S.CR IP TION 


OF SOME 


_ Mechanical be tier! 


He Hypotheſis of: Fire and Flanie Fdid 
EF abour eleven years ſince publiſh” in 
> - £he. 16. Obſervation: Pag. 103, 104, 
Ply and 105. of my Micrographie; which 
$..bath'ſo.far obtained, that many Aw- 
& | thors -have ſince made uſe of it, =yl 
. alleried itz nor have yet” met wi 
one conliderable n agamſt. R. 
Tt thall not. - ar Bas be, my -buſinefs-ar-preſent? to- oif- 
.courle v. or farther avpivioakes Theory;whiel any © 
'upona {ind inquiry imo,: I gueſton-not, will find"! 
ſufficient to confixas him:in,; but: rather t&mentiH- — 
pleaſant and beneficial uſes thereof; and: to/ hint ſome 
Mechanical contrivances. for the ſupplying the Pabrhens 
OyT or Spirit by thefame Degrees tiy whichit is confurt 
mp Hame of a Lamp, that great diffolvent; {17 75 
| I do.not, here deſign to ſhewia way how © tae pe. 
petual Lamp, that being a Chimera-which«my H &- 
{is of flame doth ſeem to deſtroy; [for the diffoly te 
08 tune is diflalved.: But to: ſhaw! a! way: how''ts 
B 


(2) 
the Receptacle of a Lamp in ſuch manner as that it ſhall” 
continue to ſupply the Pabuluw to the flame equally and. 
for a very-long time till it be all. conſumed. The. con- 
ſideration of which Problem firſt put me upon the en- 
quiry after a counterpoiſe for Liquors or Fluids, which 
3s alſo of very great uſe in Hydraulicks, as I ſhall here- 
_ have _ = to. manifeſt. FO” 
«This Ican do by very many contrivances, de 
fromver Siftering Princi on all and every of which 
may be fitted ſo as to ng, the Oyl or Pabnulum of the 
Lamp in ſuch quantity,. and after fach manner and pro- 
port as ſhall be deſired. I ſhall now omit all the other 
ways-of: performing this efte&, though. divers of them 
are as much or more conſiderable than any of theſe I 
here mention. . And having promifed in the 32 Page of. 
my deſcription of Helioſtopes to publiſh a Counterpoiſe 
for Liquors, I ſhall only explain ſeveral ways by the hel 
of theſe Counterpoiſes to do whatſoever can be a 
- to the manner and quantity of ſupplying Oyl-to the 
me. 

Thechief deſignof the Counterpoiſe in this inquiſiti-- 
on is.to keep de Quperficies of the Laquor Crhether 
Onl, Spizit of Wine, Oyl of Twrpentine, or the like ) 
whatever quantitythere be in the Veſſel, always to the 
fame height, ſo that the ſaid Pabulruns ſhall always be. 
equally diſtant from the bottom of the flame, and the 
Wick. or flame being once placed ata convenient height 
or diſtance above the Superficies of the Oyl, ſhaHl not be 
deſerted by the ſaid Superficiestill the whole quantity be 
conſumed; but it is as cafie to contrive it, to ſupply it by 
decreaſing or increaſing degrees, which are conveniences 
that none of all the Lamps I have ever yet met with have 
bad, that was tolerable for uſe. The moſt ingenious is 
that which 1s commonly known by the name of Car- 
daxs Lamp, as being publiſhed and very probably inven- 
ted by Carden, which doth in ſome manner ſupply the 
walting and decay of the Oylcauſed by the flames Con- 
ſymptzen. But then ir is ſubjedt to a great many incon- 

ventences, 
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yeniences, which make it intollerable and difuſed : The 
rſt is, though it doth ſupply the defetts of the Oyl to 
the Wick, yet itdoth it notcan(tantly and equally, bue 
by ſtarts and gluts; for after the receptacle by the Wick 
1s filled, the Superficies of the Oyl continues to fink by 
degrees a conliderable ſpace below the flame, before 
there be any more ſupply added from thegreat Magazine 
or Repoſitory,and nll the Air can break in, (which doth 
very unequally ) ſothat there ſometimes comes down ſo 
pu a quantity that the receptacle 4s over-filled, and 

e flame extinguiſhed, and theſe gluts are more unequal 
the bigger the Magazine be in proportion to the Recep- 
tacle by ithe flame, and the more the quantity of the 
Oyl be that is ſuſpended, and the more the Air ſpace be 
above the Oy], and the more tenacious or f{haggiſh the 
conſtitution of the Oyl is. 

The ſecond inconvenience of Cardars Lamp is that the 
Air is apt to rarifie it with heat, ſo as ſometimes to drive 
down ſo much Oyl as to overflow the receptacle, and 
choak the flame. 

The third Inconvenience is, that the Wick by the fink- 
ingof the oyl doth ſooner decay the flame, being ſometimes 
a little higher and ſometimes lower upon the Wick ; for 
if the Wick riſe up into the hollow dead part of the 
Coneof the flame, the ſtreams and coals of rhe Oyl will 
be ſo caked together as to dead the flame and much to 
diminiſh the hight and heat thereof, whereas if the Wick 
be but ſhort, and ſuffered only to go but a very little 
within the under-Superficies of the flame, it will not be 
ſoſtopped and caked with thoſe feculencies. Thereaſon 
of which isevident, for the flame, asI formerly proved, 
being nothing bur the parts of the Oy] rarified and raiſed 
by heatinto theform of a vapour, ſmoak, or ſteam, the 
free Air that incompaſleth this ſteam keepeth itintoa Cy- 
lindrical form, and by its diflolving property preyeth 
upon or diſfolveth thoſe parts of it that are outwards and 
nextto the Air, ſo as by the ſaid diflolution it continueth 


the heat, and produceth the light which we obſerve; but 
B 2 thoſe 
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ea6ſe parts of the body of ſteams that riſe from the Wick; 
which arein the midd]-, and. not contiguous to-the'out-: 
ward- Air, are not diffolved or turned into ſhining flame: 
by the Air till they riſe towards the top of the Cone of 
flame.where the free Air can come to reach, and ſo to dil-- 
folve them, and thence gathering about the Wick mn the 
Center of the Cone of flame they choak, clog, ' and 
quite ſtifle it that the flame will quickly go -out:: That 
this is ſo, any one may calily find if he examine the flame 
of a Lamp or Candle by the help of a piece of glaſs: 
For by the tranſparency thereot he will plainly perceive: 
thatall the middle .of the Cone of flame neither ſhines: 
nor burns but only the outward Superficies thereof that 
is contiguousto the free and unſatiated Air, and that the 
middle parts may be collected in the tormof Sact, or very: 
fine powdered coal dult. 

Take then a piece of Glaſs, whether Window-Glaſs, 
Looking-glaſs Plate, or the (ide of a V1ol;it mattersnor; 
or, which 1s beſt of all, a thin Plate of Seleritis or Miſco- 
via Talk, and hold it Horizontally 1n the middle. of the 
tlame, ſo as to cut off the top or upper part of the Cone 
thereof, then preſently, before it be choaked with ſoot, 
look down upon it, and you {hall plainly fee that all the. 
middle parts of the Flame and the Wick: have no ſhining 
power or light at all ; nor are they diſſolved by the Air, 
but remain inthe form of Soot, but that only the Super. 
ficies or outſide of the ſaid Cone doth burn, ſhine, and 
conſume into and mix with the ambient Air. 

In the ſame manner, if you hold the Glaſs: or Sclenitis 
perpendicularly, and apply the fide of it ſo as to cut the 
tlame per axim con7, that the Air cannot come to one fide 
thereof, you may plainly perceive that the ſhining part 
of the flame 1s. only that which 1s contiguous; to, and 
preyed upon by the free. and unſatiated. Air, and that 
where that Air cannot come. free without being glutted 
and ſatiated 1n its way, there-neither the conſumption of 
the Oy], nor the heat and light of the flame is produced, 
but only a footy, choaking, and.(tifling ſubltance, 
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- To; make'then the;realon; of the Phanomena- obſerva- 
ble about the laſting or ſtifling of the flame of a Lamp 
the more clear and ealte to -be underſtood and compre- 
hended, give me leave to explain the marmer. of .its pro- 
duction and continuation by a Scheme, delineation, and : 
deſcription thereof. | 
, Let A A:then inthe ſecond Table repreſent a body of ' 
Oyl, or any other combuſtible fluid ſubſtance, the Superti- 
cies whereof B B is Horizontal, and pretty near plain. [ I, 
ſay, pretty near, becaulc 1t 1s always Ho Concave, or 
Convex, more or leſs according toſeveral circumſtances ;_ 
to wit, the capacity and the nature of the Veſſel EE, in 
which 1t 1s contained 3. for-if the Vellel be ſmall, and that. 
the Qyl hath a greater congruity with it than. the Air, 
the Superficies of the Oyl will be very much concavated. 
eſpecially towards the ſides of the Veſlel as at C C ; but 
if the Veſlel beincongruous to Oy], the Superticies. will 
be Convex as at D D, the reaſon..of which I have long 
ſince explained in another place. |] 

Let FF then in the third figure repreſent the Wick, 
which conſiſts of a great number of very fine Cylinders or. 
hairs of Cotton ftftwilted and laid very clole together, 
into, and between-which the Oyl ( having a very great 
congruity therewith) doth readily infinuate it ſelf and ad- 
here, and is by the preſſure of the Air ( much greater 
without than between thoſe Cylindersor hairs)forced up 
to a conliderable height between them, (| as to the height. 
of an inch and half, or two Inches ) and it by any means 
the Oyl be taken out at the top thereof, the remaining 
part of the Oyl in the Veſiel wall aſcend to ſupply the va- 
cancy of the part drawnott, which. 1s evident 1n Filtra-. 
tion. About the ſides of this Wick the Oyl will be ſure 
to aſcend, and the Superficies thereof. will be concava- 
ted as at GC, beeauſe unleſs there be a _congruity be-. 
tween the Oyl and the Wick there will be noaſcent of 
the Oyl therein, and therefore that ſubſtance that the 
Oyl doth not readily adhere to cannot be a fit material tor 


that purpoſe... 
Now 
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Now :to this Wick thus filled with Oyl apply the 
flame of a Lamp or Candle, or any other ſubſtance ex- 
tremely hot, asa _adaby. Lye of Iron, Copper, or the 
like, and by this means the parts of the Oyl m the Wick 
will be very much heated, and expand themſelves 1n va- 
poursinto the contiguous Air by the ſteams hhh h h,and 
fill all 'the Ambient ſpace of the Air HH therewith, 
which vapours ro. very much rarified, and conſe- 
quently lighter than the incompaſling Air,are by the grea- 
ter gravity and prefjure thereof carried upwards by the 
Curve Lines h i k. Theſe at firſt guſh out of the Wick 
at Right Angles, but by the protruſion of the Air are 
pe. turned into a kind of Parabolick Curve hik 
The motion of the Particles in which is ſwifteſt in k k, 
that 15to a certain degree of Altitude. The motion of 
aſcent increaſing ſomewhat after the nature of the motion 
of deſcent m heavy bodies, I lay ſomewhat mthat nature, 
for if the aſcending bodies were uniformly lighter than 
the Ambient they would be the ſame, but becauſe the 
rarefaction and nature of them is varied by Circumſtances, 
therefore it hath but part of that Analogy. 

To proceed then with the Explication- I ſay, theſe 
ſteams of the Oyl thus aſcending, if they are heated 
to a ſufficient degree of heat are preyed upon, and 
diſſolved or burned by the Ambient Air 3 which difſolu- 
tion hath this effec, firſt, that it produceth light ; next, 
that it produceth heat enough to make the (i 
parts of the {teams that ruſh out of the Wick and follow 
after it to beſufficiently heated for diſſolution by the Air, 
the heat of which produceth the ſame operation upon a 
third, and that upon a fourth, and that upon a fifth, 'and 
ſo ſucceſhively ſo long as there are ſteams of Oylto be 
diſlolved, and plenty of freſh and unfatiated Air to 
diflolve. The action alſo of this diſſolution cauſeth hear 
ſufficient to raiſe up the ſucceeding parts of the Oyl into 
the Wick, and expand them into vapours, and ſo to make 
them fit to be further heated and diflolved. It is further 
obſervable in the flame of a Lamp, that thoſe vapours 

that 
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that iſfue our of the Wick are by d diflolved, and 
not all in a moment, for the parts of the flame that are 
lowermolt about H have a kind of faint blew light until 
cometo I, wherethey ſeem to have their brighteſt 


and cleareſt light and heat,the ſaid vapours not being hea- 


ted to that degree at their firſt breaking out that they af- 
terwards acquire by the farther attion of the Air upon 
them. At Ithey ſeem to bein their higheſt degree of diſſo- 
lation, and from thence upwards are made one with the 
diſſolving Air, ſo that they are not but by other means 
diſcernable to the eye of the obſerver 3 ſo that the ſhining 
part of this Conical ſhaped ſpace of the flame is only the 
outſide of the Cone, it being that part where the Ambient 
Air preys upon the aſcendin cu_—_ of the Oy], 
namely, where the. Cham of frnal cles intercept the 
Curve lines of the motion of the aſcending eruptions. 

This Figure and ſhape of the flame and vapours may 
be plainly ſeen by the help of a Metalline Concave 
placed ata certain diſtance and Poſition, and alſo by ob-- 

ng the ſhadow of the Candle caſt by the beams of 
the Sun'upon a ſheet of whice Paper, or white Wall, but 
that way of a Concave ſpeculems is incomparably beyond 
it, becauſe it doth ſo very plainly ſhew the form and 
manner of the ſteams rifing above 1111, as about 
k k k k, &c. 

The Air after it hath performed the a&tion of Diſſo- 
lation, and 1s-fatiated and incorporated with the parts of 
the.Oyl at 111, aſcend by k k k, but ſhine not. All the 
ſteams or eruption of the vapours of the Oyl out of the 
Wick fff ſhine not between the Wick ff and 11, but 
begin to be diſſolved, and to ſhine as they approach 
the freſh Airat 11, wherethe diſſolution is compleated. 

The upper parts of the flame ſhine more than the 
lower, the parts —_— been heated toa much greater 
degree by the longer ſpace of | yon Ac have had 
through the hot Concave part of the and contigu- 
ous or very near to the glowing fides thereof at i i1. 


All the under parts of the Wick neither —_— 
urn, 
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- burn, bat are as it were charkd by the extremity 'of the 
heat of the Conical Superficies of the flame, they are de- 
 fended from burning at the bottom by the freſh acceſs of 
new Oyl from the Veſlel underneath; and the middle 
parts are defended from burning or ſhining by reafon the 
Air cannot approach them before 1t be ſatiated at the 
. Conical Superficies 1 11 by the diffolution of the ſteams 
of the Oylit there meeteth with. But the upper parts of 
the Wick do burn and ſhine, if they be high enough, into 
the ſmaller part of the Cone of flame that the Air before 
it be fatiated can reach at them. And it any part of the 
Wick fall into the ſaid Conical and ſhining Superficies of 
the flame,it doth both ſhine and conſume, and ſuffers the 
ſame diflolution into the Air as the fteams of the Oy], 
and if anypart of this Wick be without this Conical Sus 
perficies at 111, it 1s preſently conſumed. and reduced to 
Aſhes; as by many experiments dittering ways made is 
very plainly viltble. 0951 Wii! aas7 19] 

This plainly gives-the cauſe why knots and Tophus's 
do asit weregrow to the Wick of the Lamp like fo many 
Muſhraoms ona rotten Tree, which as foan as they are 
removed out of the middle and dead part.of ;the flame 
are immediately confumed by, and diflolved 1ntoithe 
Air, and ſhine hike a coal of fire, as bemg indeed nothing 
clſc. Wet 
Hence we maygiwea plain Reaſon why upon applying 
. any cool Superhices very low into the flame of a Lamp, 
there 45 immediately condenſed upon it a great quantity 
of ſoot, namely, that the middle parts: of the Cone of 
fame, being nothing but a great number of oyly ſteams 
aſcending, are not tired nor conſumed by the Air,til they 
can come to be wrought upon by the free and unfatiated 
Air. Now if the Air be ſo- intercepted that 1t cannot 
come at them, and the {teams be cooled by the plates 
coldnels that the Air 1s not able to prey upon or diflolve 
themfor want of a preparatory heat ſufhcient, they mult 
remain 1n the form of burnt Oyl, or Lamp-black. 

| have been ſumewhat the longer and more particular 

In 
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in this deſcription and explanation of my Theory of the 
flame of a Lamp or Candle, that fo the Reader under- 
ſtanding the nature and cauſes thereof the more fully and 
plainly, he may the eaſter diſcover the inconveniences 
that may occur in the burning, heating, ſhining, durati- 
on, &*c. thereof, and the ſooner and more readily and 
ſcientifically find a cure and prevention of thoſe inconve- 
niences, which he that is ignorant of can but hood- 
winked grope after, and at beſt can but hope poflibly 
after long puzling himſelf in vain attempts and blind 
trials, nothing to the purpoſe, he mayat length ſtumble 
upon that which had he been inlightned by the true The- 
ory,he would have readily gone to at the firſt glance. 

I could have further expatiated into the contem- 
plation of this moſt admirable Phenomenon of flame, 
producing heat and light, the two moſt ſpirituous 
and moſt potent Agents in Nature, and the ways of 
Intending and Diminiſhing them, and the uſes that may 
be made of them, but that it is not my preſent deſign 
to annex a diſcourſe on thoſe ſubjects, which doth 
more properly belong to another Lecture I ſhall ſhort- 
ly publiſh. I ſhall therefore at preſent proceed only 
to ſhew ſome Mechamcal contrivances for counter- 
poiſing Liquars 1n Veſlels, ſo as to keep them running 
or ſupplying a ſtream always with equal (wiftneſs, what- 
ever quantity there be of the ſaid Fluid ; which as they 
are very convenient for pertecting Lamps for divers uſes, 
which they could not otherwiſe perform, ſo in Hydrau- 
lick they are of moſt admirable benefit for divers 
effets, hardly to be performed without them, as I ſhall 
hereafter manifeſt. But firſt, I will explain ſome few 
ways by which more conveniences may be obtained, and 
more inconveniences prevented in the uſe of Lamps for 
Chymical, Mechanical, and Philoſophical uſes than by 
this way of Cardar, or any other I have met with : For 
this I look upon as one of the Tools to be made uſe of 
in the Work-houſe or Elaboratory of Nature, without 
a good Apparatusof which, be vo Workman otherwiſe 

never 


never ſo well accompliſhed, he will never be able tapro-- 
duce any very conſiderable effeft 5 and with them, even 
a Bungler otherwiſe, will, if wel furniſhed, do won- 
ders to ſuch as know not the means by-which they are. 
done, 

It may poſlibly ſeem very ſtrange to ſame to hear,that 
by the flame of a Lamp Plants may be made to grow, 
bear Leaves, blow Flowers, ripen Seeds ; that the 
of Fowls and Inſets may be hatched, and brought to- 
life and perfection ; that Metals, even the hardeſt, Glaſs, 
Stones, &c. may be almoſt in a moment melted, foft-. 
ned, liguified, hardned, &c. that thouſands of ſepara- 
tions of conjoyned and naturally united bodies may be- 
effected, and they reſerved diſtinct 3 and as many other 
bodies, naturally diſtin&, and very dittering, may be 
united and compounded into Homogeneous mixtures, 
ſome (carce ſeparable afterwards; that Glaſs may be 
ſhaped and moulded like Wax ; that almoſt all the fen- 
ſible qualities of bodies may be increaſed, diminiſhed, 
annihilated, and created ; and ſome allo of the qualities 
inſenſfible ( otherwiſe than by the effects; ) and yet even 
theſe, and many more, - may be effedted by this: Tool or 
Inſtrument, if rightly uſed, as I could manifeſt if I had 
now time. But I ſhall not here any further expatiate on 
it, poſhibly I may hereafter but at preſent I (hall only 
proceed to the deſcription of one fort of thofe In- 
[truments which ſerve to {upply the Oyl or Palwlarm of 
a Lamp conveniently by any degrees, and in what quan- 
tity is defired. This fort doth ' depend upon ſome con- 
trivance of Counterpoiles for the Liquor in the. Re- 
ceptacle thatisto tced the Lamp, and may be made ufeof 
in Hydralicks as well as Lamps to feed and continue any 
running ſtream any time defired. 

Thele Counterpouſes then of Fluids might be made to - 
feed the lame of a Lamp equally for any rime afligned, 
and conſequently would make a kind of Perpetual Lamp, 
but the Pabularx it (cIf will be fome ways. or other unapt 
for ſuch an cfiect 5, as Oyl'hath a foulneſs whereby the 


Wick 
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Wick is chodtcdr flopped, ſo as that it will no longer 
aſcend init ;- Spirit of Wine will in length of time eva- 


porate andloſe'much of itsnature; and other Oyls have 
their {everal defes which make them uncapable of con- 
tmuing the flame very long. But there are none of theſe 
that I have met with but may bein great meaſure avoided 
by the help of ſome Chymical or Mechanical contri- 
vances, ſome inftances whereof I ſhall hereafter pive, 
rome the Theory of Fire and 'Flame doth readily 
int. 

The firſt way then I ſhall now deſcribe is by a round 
Box, the inward Cavity of which is divided by a Dia- 
phragm into two equal parts, and fitted with a proper 
Counterpoiſe, the Axis of whoſe motion lieth Horizon- 
cally. The contrivance of which will be more plainly 

erſtood by the Delineation thereof in the firſt place, 
wherethe ſecond Figure repreſents the whole Inſtrumenr, 
with its Globe, Frame, Pedeſtal, Socket, and lighted 
Lamp. 

Apreſents the Pedeſtal or foot upon which the In- 
ftrument ſtands, which may be made of Silver, Braſs, Wood, 
or thelike,. BCDEF, the Frame faſtned to the Pedeſtal, 
and ſhaped im the form of a Snake, pertorated at Band D 
to recervye the Pivotsor Gudgeors of the Lamp GH, and 
hollow from E to F to ferve to convey the Oyl or Spirit 
of Wine from the end of the hollow Gudgeon H to the 
Wick I, to feed the Flame K ; the hole at E to receive 
the end of the hollow Gudgeon; H is made a little ta- 
pering, and the end of the Gudgeon His ground fit into 
, ſoasto turneaſily, and yet fo true, as not to let an 
Oyl there teak out, the ſaid Gudgeon: being kept cloſe 
home by the ſpringing of the Arm B ; the Superticies-of 
the Oyl or Spirit for the Pabulum 1s always kept by the 
motion of theſaid Globe uponits AxtsG H, exactly inthe 
Lme L M, untill it be all conſumed; which howit 1s done 
will be better conceived by: ſhewing' the'contrivance of 
the infide of the aforeſaid Globe, how the ſame is divi- 


ded, how filled, and how counterpoiſed. 
CY Suppoſe 
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Suppoſe then the. aforeſaid Globe cut in ſinder by 
the middle Line or Circle N Q, and diſcovering” the In- 
ſide or Cavity thereof to be repreſemed in the- firſt Fi- 
gu re, where PAHRZ P repreſents the aforeſaid Circle, 
or half ſhell of the Globe 3 O- repreſents-the middle of 
the hollow Gudgeon H; which 1sthe Pole .or Axis about 
which the ſaid Globe doth move. HO Z repreſents the 
Horizontal Line or Plain paſling through. the aforeſaid: 
Axis:; P R thePerpendicular to that Plain. Let H Z then 
repreſent a Diaphragm or Partition of the ſame material. 
with the Globe, by which the Concavity thereof 1s divi- 
ded into an upper Hemiſphere H P Z OH, and intoan 
under Hemiſphere HR Z O H. Let the under Hemi-. 
ſphere be filled with Oyl, Spirit of. Wine,@*c. or the hike 

t material for a Lamp to burn; and let the upper part 
be filled with ſome material of halt the weight of the: 
Oyl, Spirit, or other material, or becauſe that will be 
ſomewhat difficult to do, let there be a counterpoile of 
Lead or other ponderous matter fixed ſomewhere 18 the 
Line P O, ſo that the ſaid upper Hemiſphere: ſhall have 
half the gravity of the under Hemiſphere upon the 
Center of motion O. I ſay, whatever quantity of the 
Fluid Pabulum 1s in the Cavity of the-ſaid nnder He- 
miſphere, the Superficies thereof ſhall always be in the 
Horizontal Line or Plain O Z, the counterpoiſed upper. 
Hemiſphere keeping it always up to that height. For: 
inſtance, ſuppoling the faid Hemiſphere full, there is no 
doubt but that the under Hemiſphere being double the 
weight of the uppermoſt will be lowermolſt, and that 
Horizontal Line will lte Horizantally, fince it is evident, 
that the Center of gravity of the whole will be below: 
the Center of motion O, and ſomewhere in the Line 
OR, whichis Perpendicular to the aforeſaid Plain. Next, 
ſuppoſe ſo much of the aforeſaid Liquid Pabulrn con- 
ſumed as: to leave enough - only- to - ill the ſpace 
COZBRC, andthe Diaphragm be moved from its Ho-- 
rizontal- Poſition H Z, and placed in the Oblique Poſi- 
tion COD. I ſay, the ſaid upper Hemiſphere 
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CHAPDOC ſhall exaftly counterpoile: the ſaid under 
Hemiſphere-.CR-BZ DOC, fo as theSuperficies of Li- 
quor {hall be in the Horizontal Plain OZ. Make A P 
equal to P D,: and draw the Line. A O B through the 
Center ©, it is manifeſt then that theWedge COR of 
the-Liquor doth counterpoiſe the Wedge R OB on the 
other {ide the Perpendicular, and that the Wedge P © D. 
of the upper Hennſphere doth counterporſe the Wedge 
POA on the other fide of the Perpendicular, fo that 
neither of theſe have any prepollency to move the Globe 
out of this Poſture. Next, it 1s plain that the Wedge. 
B OZ of the Liquor will be counterpoiſed by the Wedge 
AOC, which is double the bigneſs of BO-Z, and con- 
_— of equal weight, the parts of the upper He- 
miſphere being put of half the gravity or weight of the 
under Hemiſphere. 

Next, ſuppoſe half the Oyl be conſumed, and therebe 
only left enough to fill the quadrantal Wedge Z'O R;. 
Ifay, the Superficies thereot ſhall be in the Horizontal 
Line OZ; for ſince the upper Hemiſphere is half the 
weight of the under, the two quadrantal Wedges P OH. 
and H O R muſt neecſlarily counterpoiſe the quadrantal: 


Wedge R:Q Z ofthe Oy]. 
Thirdly, Suppoſe that more than halt. the ſaid Oyl or 


liquid Pabnlum be conſumed, and that there be only left. 
enough to fill the Wedge B OZ, I ſay, the counterpoi- 
ng upper Hemiſphere now madethe under, and placed. 
in the Poſition AHCR BO A ſhall exactly counterpoile. 
the ſaid Wedge of Liquor, ſo as that the Superticies. 
thereof ſhall be in the Line O Z; for the Wedge ROB. 
of the aforeſaid upper Hemiſphere doth counterpoiſe 
the Wedge C O KR on the other {ide of the Perpendicu- 
lar, and the double Wedge AOH and H O C will coun- 
terpoiſe the Wedge B Q Z. 4 

Nor can the. Superficies of: the Liquor be any "whit. 
higher or lower than the Line O Z, tor if it beany whit 
higher as at E F,. the _— muſt neceſlarily overpoile. 


the. aforeſaid Wedge A O C,. by all the weight of the. 
Liquor - 
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Liquor contained in FGOZF. And if it be any 
whit lower as at I K, the Wedge KIB mult be too 
light for the- counterpoiſing Wedge 'A O C by the 
weight 'of the Liquor contained 44n the fpace 
ZOTKZ, fince I juſt now ſhewed that AOC did 
juſt counterpoiſe Z O B, which was the thing to be 
proved. 

Now though in this Inſtance I have choſen to explicate 
I have made choice of a Globe, yet that form is not ne- 
ceflary, but it may be made of any Figure whatſoever 
that is turned upon an Axis or Poles, ſo as whereſoever 
the ſaid Figure be cut by a Plain to which the Axis is Per- 
pendicular, the Superficies of the faid Figure ſhall de- 
ſcribe a Circle, the Center whereof is in the ſaid Axis, 
whether the ſaid Figure be a Cylinder Cone, or any 
other Conoeidical, mixt, or otherwiſe, regular, or irre- 
gular figure. Such as the Figures A B C DE FG, which 
repreſent the Section of the ſaid Veſſel through the 
Ax1s. 


The ſecond way for the poyfing the Liquor, and 
keeping the Superficies thereof alwaysto an equal height, 
1s this : 

Make a Concave Receptacle for the Oyl or Liquor of 
a Hemiſphenical, Semicylindrical, Semiconical, or of any 
other halt-round hollow Figure, where the turned Figure 
is cut in two parts per Axim, and whereof the Axis is 
placed Horizonral, and the plain Section per Axin like- 
wife Horzontzly,ſo as 1t may be filled with any Liquor 
up to that Plain; and that the Liquor may not be apt to 
daſh, be ſhaken, or filter over, it will be: convenient to 
extend the brims of that Receptacle ſomewhat above 
the half-Rovund, that there may be about half or three 
quarters of an Inch of ſpace above the Superficies of the 
Oyl vacant orempty. And that upon whatever Plaimthe 
foot ſtand, the Plain per Axim may ftand Horizontal, it 
will be good to ſuſpend the Receptacle in the ſame man- 
ner as a Sea-mans Compaſls 1s ſuſpended, within a frame : 

Fix 
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Fix this Receptacle, or the Frame- that is to keep the 
Receptacle, Horizontal upon a convenient Pedeſtal ; 
and fit within the Hollow or Concavity of the Recepta- 
cle a half-round ſolid poiſe, turned of the ſame form 
with the hollow of the Receptacle, and cut exactly 
_ the Axis in two equal parts. Let this ſolid 
poiſe be made exactlyhalf the weight of the Liquor that 
1s to be poiſed, and fit to it two Pivots or Pins at each 
end of the Axis, which may be exactly in the Poles of 
the halt-Round, and fit to thoſe Pins make two holes m 
the Centers of the Ends of the Concave Receptacle, in 
which the Pins may freely move, and futfter the-halt- 
Round poiſe to move round within the hollow of the 
Receptacle, according as the quantity of the Oyl or Li- 
quor 1s increaſed or Sninithed, Fit to this Receptacle 
a neck and focket fit for the Wick and flame of the 
Lamp, and the ſame operation will be performed by this 
as by the.farſt contrivance ; to wit,the Oyl will be kept al- 
ways to the ſame height in the Receptacle. 

This will be My underſtood by explaining a De- 

tion thereof which 15 ſhadowed forth in the fourth 
Figure : Where 

A A A repreſentsa Pedeſtal, which may be made with 
three claws or toes tomake itfiand the fteadicr and even- 
ner upon any Plain or Table. 

BB repreſent one: of the Semicircular Arms that are 
fix'd ta the top-of the Pedeſtal, this hath two holes in it 
at theends or extremities, as-at C 1s one, the other hole 
being in the other arm which goes behind the Globe, 
and therefore cannot be teen, 15 ſuppoſed to be Diamerrt- 
cally oppoſite to thisat C.. Theſe two holes are the Cen- 
ter holes in whichitwo ſmall Pins or Centers, taftned into 
two oppolite points of the Hoop'-or Frame are made fit 
to-move, by whichimeansithe fatd:Haop is preterved 1n 
an horizontal Potion. m4 F hos 

D D is this Hoapror Frame, which is made tomncom- 
pals the Veſlc} or Receptacte| df the Oyl, and is thaped 
exatly/hkerit. This i nade 'fixong enough of Brals, 


Iron, 


Tron, Silver, or other material to bear the Roche 
Poiſe and Oyl without bending, and hath, as I-fand be- 
fore, two Pins or Gudgeonsat C, and oppoſite to it Di- 
 ametrically, or Semicircularly, upon which the ſaid 
Hoopalways h Horizontally. It hath alſo og each 
fide in the middle between the aforeſaid Pivots, two 
Centers as at F and E to receive the ends of the Axis of 
the Receptacleappearing at F andE, by which the faid 
Receptacle is always free to hang plumb or m itsPe 
dicularity,ſo as that the upper edge thereof at F F will al- 
ways lie Horizontally. Ke. 

One of theſe Pivots, namely, that on the Right han 
15 the Pipe toconvey the Oylto the Socket ofthe LampT, 
in which is fitted a Wick of Cotton to ſerve for the 
flame, KG G repreſents the Veſlel or Receptacle of Oy1, 
which is here deſcribed Hemilpherical, that being the 
moſt capacious uniform Figure, but may be of any-other, 
qualified as thoſe I mentioned in the firſt contrivance. 
The Brims of this are extended ſomewhat higher than a 
Semicircle, namely, to F F, to keepthe Oyl from flaſhing 
or filtring over. This is always kept full with Oyl or 
other Liquorto the Horizontal prick 'd Line L L, which 
paſſeth through the Center or Axis of its Cavity by the 
Counterpoiſe moved onthe Center C. 

H H H repreſentsthat Counterpoiſe which 1s made ex- 
atly half the weightof the Oyl or Liquor, and the Cen- 
ter of gravity of 1t muſt be ſomewhere m the Line MM; 
and it ought to be fitted as exactly into the hollow of the 
Rnctprecte asit is poſhble, that there may be left as little 
{pace as may be between its convex fides and the Con- 
cave of the Receptacle, but yet fo much muſt be left 
that it may movevery freely upon its Center C a whole 
Semicircle.: This done, and the Receptacle being fil- 
led with Oy], the ſame effect will follow as in. the faxrſt 
contrivanice, and the Demonſtration of 1t being much 
theſame, I ſhall not now you time to explain it. But 
rather proceed to the deſcription of a third way of 
keeping the-Liquor counterpoiſed to the ſame level. Wa, 
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The third way then is: 


Take any round Veſſel, whoſe Concavity and Con- 
vexity 15 turned upon an Axis, and ſuſpend that Veſſel 
upon two ſmall Pivots ( but yet big enough to bear the 
faid Veſſel filled with Oyl, * ) d in the Poles of 
that Axis; and leaveor cut open a fixth part more or lefs 
as you pleaſe of the ſide thereof, that thereby any-thing 
may be put into or taken out of the Cavity of the Veſiel; 
then poiſe the Veſſel exattly on thoſe Centers, that no 
fide be heavier than the other ; then: fit into it a float of 
Braſs, Silver, Tin, Lead, ec. Convex on the under fide, 
ſoas juſt to fill to the Cavity of the Veſſel. And on the 
upper fide, Plain, or Convex, or any other convenient 
Figure, it matters not much. Make this float as heavy as 

ou can at the bottom, and as light: as may be at#hetop, 

ut yet of ſuch weight as may well float upon the 'top of 
the Oyl, ec. Let one end of this be faſtned by a wireor 
ſtring, ſo as that end thereof may always. touch that 
point of the Concave of the Veſlel to which»ir is tied, 
and that the reſt thercof may turn and follow the: tfink- 
ing of the Oyl ; and through the end of it,' near thephce 
= 4-4 itis faſtned, let a Pipe go through it to receive the 
Wick, which Pipe hath no communication with the: Ca- 
vity of the hollow float. This done, fill the Veſlelas full 
as convenient with Qyl, and light the Wick, and you 
ſhall find that as the fire conſumeth the Oyl, the Veſle! 
will turn upon its Poles and keep the Superficies of the 
Oyl always at the ſame diſtance from the flame that it was 
put at at firſt till the whole beconſumed. 

This will be made more conceivable by a figure and 
explanation thereof, which therefore take as fallows 
in the fifth figure. 

A CBB repreſents a hollow Veſlel, the Cavity where- 
of is very exaCtly turned upon an Axis whole Poles arein 
P, the ' Lea between A and B in the fide thereof is left 
open into the Cavity of it. This Velfel is ſuſpended 

D upon 
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nits Poles at P, ſo asto be free to move round upon 
them, and exactly poiſed as T1 one fide thereof be hea-. 
vier than another. To the hollow of this Veſſel is fitted 
afloat D of Braſs, Latton, Silver, Lead;ec. whoſe under- 2 

ſideis/made of a Convexity juſt fit for the Concavity of 
the, Velit], asmay be ſeen at KD I, and the upper ſtraight 
or Plain. Let this float be made ſomewhat hghter than 
the Oyt or Liquor on which it isro ſwim, fo that a part 
thereof may float above the Superficies thereof. Let one 
end:thereot 'E berfaſtned to the ſide of the Veſle) alntte 
below the Brim B; through the end of this float is put a 
Pipe ahd Wick h, for the flame 1, then pourimg: m Oyl 
by the open fide A QB, fill the fame till it carry the float 
up to tonch the hollow of the Veſfel ; then light. the 
Wick, and you w1ll find that the Lamp will conſume the 
Qy], and - this contrivance will contmually fapply it tall 
the whole be 'confumed, and the Porfe be moved to 
touch:the Concave of the aforeſaid Veſſel ; for when the 
Veſiel is filled upto fg, the float D will touch at O and 
E, and the Cavity above tg being empty, the Veſſel will 
be as is deſcribed in the Figure, the open part AB being 
upwards. 'And:asthe flame confumeth the Oyl, the fide 
of. the: Veſſel B will deſcend downward towards B 1; 
and foby B 1,,B 2, B3, toB 4, where the whole quanti- 
ty of Oyl will be conſumed; and the bottom of the float 
will touch the hollow {1de of the Veſſel; m all which 
gradual waſting of the Oyl the Superficies thereof will lie 
at the ſame diſtance below the upper'{ide of the float D 
* that it had arfirft, and conſequently at the fame diſtance 
from the bottom of the flame. The reaſon of all which 
will be very caſte to be underſtood by any one that ſhall 
ſeriouſly on this Delineation conſider that the float D muſt 
necellitate: the Veifel A CB to move orrits Axis B ac- 

cording as its Oy] waſts,becauſe one end: thereof E bein 
faltned to thebrim of the Veſlel B, the other end O be- 
we looſe will as the vi wafts deſcend towards N, whence 
the end E muft hang heavier on the brim B, and conſe- 
quently muſt *'move mn down towards B, till the upper 
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fide fg of the float be requced. toa P im with the 
Su ies of the remaiping Oyl, and the end E have no 
gravitation on the brim B, which motion will becontinu- 

ed as the Oyl wafts, and the brim B will be moved down- 
wards by the points B 1, B 2, B3, toB 4. I ſhall not 
therefore ſpend any moretime in the Geometrical demon- 
ſtration thereof, but proceed to explain a fourth way by 
which the Flame and Superficies of the Oyl keep always 
at the diſtance they were firſt put at. FER. 3 


TheFourth way then is, the making the Socket of the 
Wick to ſwim upon the top of the Oyl, fo that the 
Socket may fink as well as the Oyl, by reaſon it is ſuſtai- 
ned by that, and by; that only. The Veſſel or Receptacle 
is generally made of Glaſs, and it is beſt of a Hemiſphe- 
rical Figure, the light caſting 1t ſelf through the body of 
the Oyl as well asof the Glaſs. This is fo plainand obvi- 
ous, and ſo commonly uſed and practued, that Ineed not 
{pend more time in the explanation or demonſtration 
thereof, but proceed to deſcribe a Fifth way. 


The Fifth way then is much upon the ſame; principle 
with the Fourth, but avoids feveral inconveniences to 
which that is ſubject: For whereas the Flame in the 
Fourth is neceſlitated to be within the capacity or the 
Receptacle in this Fifth, it may be at any diſtance, and 
ſo is made much more convenient to be come at, and to 
be dreſied and trimmed. Take then a Veljel of Glaſs, Cy- ” 
lindrical is beſt,as a Glaſs Bottle,and fit to it a Siphon,long 
enough to draw the Oyl from the bottom of the ſaid Vel- 
ſel, make the oneend of this Siphon extend at what di- 
ſtance you think convenient for the placing the flame of 
the Lamp, and fo order it that it may always draw from 
\ the Receptacle by its arms to feed the flame, which it 
will do if the end of the Siphon be made where the 
Socket of the Lamp is placed to return or bend upwards 
again. So that the Plain of the upper Superficies of the 
Oyl may cut that end of the Siphon where the flame is 
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between the top of the mouth of it next the Socket and” 
the return thereof —_— then by a counterpoiſe ſo. 
_—— this Siphon that it may follow the Oy] as it waſts, 
and fit into the return of the Siphon a Socket-and Wick 
for the flame to be continued. A contrivance ſomewhat 
of this kind: you have in divers Authors, and therefore [ 
ſhall fpend leſs time in the deſcription: thereof. Let 
AAAA in theSixth Figure then repreſent a large Cylin- 
drical Viol of Glaſs through the mouth B of which the 
Cavity thereof may be filled with Oy], and alſo theend D 
and float C ofa convenient Siphon may be pur in. ' This 
Siphon DDD PG muſt be made long enough-that the 
float C may reach the bottom of the Veſſel when the 
Oylis ſpent, and the other end thereafmuſt be fo curved 
that the knee of the Siphon P may be below the Super-- 
ficies of. the Oyl E F, and-yet that the Socket H made for 
holding the Wick for che flameT may be ſomewhat above 
it, this Siphon-D DDP G with 1ts Socker and float 
ſhould beſo counterpoiſed with a- weight M, ns on 
a: Pulley K, by a ſtring L, that the float may not ſink-deep. 
into the Surface of the Liquor, but ſwim as it were at 
the top. This done, if: the Wick I be lighted, the Surface 
of the OyF wilt be kept always at the ſame diſtance below 
the flame that it was firſt pat at. 

In the firſt; third, fourth, and fifth ways: the flame - of 
the Lamp deſcends equal ſpaces wtth-the Superficies of 
the Oylin the Veſlel, and therefore though for ſome uſes. 
it be very convenient, as 11 annealings, where things are 
to be cooled by degrees, yet for many other it is not 5 
Eſpecially in Lamp Furnaces, wherethe ſame heat is to be 
continued, and in ſome. cafes gradually increafed.” For 
ſuch cafes therefore the firſt and ſecond ways will be 
very convenient. In ſome other caſes the ſixth-and ſeventh 
ways, which do much the ſame thing. 


The ſrxth'way then1s this ; ; Through an arm or Siphon . 
(likethe Branch of a Lamp hung againſt a Wall ) fixed 
in any convenient place, the Oyl from the Receptacle is 
| continually, 
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continually and equally. ſupplied to the flame of the 
Lamp by the raiſing of the: Receptacle. as faſt as the Oyl 
walts, Fd asto keep the Superficies of the Oyl alway in 
the ſame Horizontal Plain. The Receptacle is. raiſed by a 
Counterpoiſe hung upon a Fuſey, which Fuley: is a part 
of an Archimedean Spiral. 

Let C C then in the ſeventh Figure repreſent the Recep-- 
tacle for the Oyl, being a Cylindrical or Priſmatical 
Veſlel; of what Bigneſs or _ you pleaſe; to this 
by two Ears at L L faſten two Lines or Ropes K K, the 
ends of both which are faſtned to the Wheel or Pulley G; 
though one of them do run over the Pulley F. Fit into 
this Receptacle is made a Cylindrical or Priſmatical 
Plug A A,. which is fixed in ſome convenient place, ſo as 
not to riſe or fink, and through. the middle therevf. pale 
ſeth a Siphon'B BB, the one end:whereof extended like 
the branch of a Candle or Lamp ſuſtains the Socket D 
for the Flame E, which is fed with Oyl through the Si- 
phon B B B by the riſing Receptacle C C. 

To the fide of the Pulley G 1s faftned a:Fuſey H, 
made with very great: care of one Revolution of an 
Archimedean Spiral, not beginning from the Center, but 
from ſome convenient diſtance from ir, where the 
weight I hanging, may juſt counterpoile the Receptacle 
CC, whenquite empty of Oy],. the other hangin coun- 
terpoiſe (Tangent to the largeſt part of: this Spiral) muſt 
be ſo far diſtant from the Center. of the Wheel G, that 
the ſame weight I may pu counterpoile the ſaid Re- 
ceptacle filled top-full of Oyl, and the Fuſey muſt be 
filed true to a Spiral, . drawn with great care of one 
Revolution between 'thoſe two points. I ſay here of 
one Revolution, becauſe I have ſuppoſed the. Wheel 
or Pulley G big enough, by one Revolution of it to 
draw up the Receptacle the whole ſpace. it -is to be rai- 
ſed 3 for if the ſaid Pulley be ſo ſmall. as to: require two, 
three, four; or more Revolutions, then mult the. picce 
of the Spiral between thoſe points be-drawn of two, 
three, four, or more Revolutions proportionably, which 
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being very Artificially and Mechamially 'performed; the 
Rece ele CC wer raiſed by the fame Degrees by 
which the Oyl is conſumed at E, and the upper Super- 
ficies thereof ſhall always be in the ſame Honzontal 
Line MM. The Geometrical and Mechanical Reaſon 
of which being ſo very plain, I hope I ſhall not necd to 
ſpend any more time in the explication thereof than 

to ſay, that by means of the Archimedean Spiral-Fuley-. 
the Power of the weight 1 upon the Pulley G decreaſet 
in the ſame proportion as the weight of the Oyl inthe 
Receptacle C C1s diminiſhed by its conſumption. 


The ſeventh way then is, by a Cylindrical or Priſma- 
tical Plug fitted into a Cylindrical or Prilmatical Re- 
ceptacle, and let down into it by a Counterpoiſe, hung 
upon a Spiral Fuley, the on is {o raiſed 1n that Recepta- 
cle as always to ſtand Brimfull, or to the ſame Horizon- 
tal height till the whole Oyl be conſumed. 

The contrivance of this way will be very calily under- 
ſtood by any one that ſhall peruſe the Delineation in the 
eighth Figure, and examine 1t by this tollowing deſcri- 
ption. 


Let A A inthe eighth Figure then repreſent a Cylin- 
drical or Priſmatical Receptacle, ſtanding fixt upon a 
Table or Pedeſtal, from the fide of which iftues a hol- 
low Arm or Branch BB, bearing the Socket for the 
Wick C, where the flame Dis continued. . Into the Ca- 
vity of this Receptacle is fitted a Cylindrical or Priſma- 
tical Plug EE, big enough to fill the whole capacity 
thereof, and yet not {ocloſe but that it may freedy(h up 
and down the Cavity of the ſaid Receptacle Av ea 
finking. Let this Plug be made conliderably heavier than 
che Oylof the Receptacle ; that 1s, let the Counterpoiſe 
L, apo the little Wheel M juſt reduce its gra- 
vity to be equal tothat of the Oyl; then let the point I, 
where the Perpendicular toucheth the Spiral, be fo far 
removed fromthe Center of the Wheel H, that thecoun- 
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terpolſe L 706 take ofties whole gravity; and ſuffer 
it to have no degree of gravity or preſſure downwards. 
Then draw the Spiral-n op ccacdin to thedireQion I 
gave inthe former way, and the effe&t will be produced. 
The Geometrical and Mechamcal Dem tion: of 
which _ lain to any one that ſhall confider,that, As 
the Plag E by ſinking into the R ce A A fo far 
as tO raiſe the Oyl to the Horizontal Superficies M M 
will loſe its gravity by the ſame by which it 
fmketh imo the Receptacle, and that 1s alway propor- 
tronable to the diminiſhing of the Oyl in the Receptacle : 
' by the flame : So the weight L will loſe its power upon 
the Wheel H, by theſame degrees by which the Plug de- 
{cendeth, by reaſon the Line by which it is ſuſpended 
becomes a Tangent to a proportionately ſhorter Radius 
of the Spiral, of the Rays of the Spiral. 

I know indeed that both in this and the former Fuſey 
there lies an objection againſt the true form of the Spiral, 
becauſe the Line K K of the weight L doth not touch the 
Sprral in a point level with the Center, but in one fome- 
what above i, and in this latter ſomewhat beneath it ; 
but though that be a ſeeming material one, yet as to 
practice it ſignifies very little. -For firſt, it will not be 
difficult zo prove that this may be Mechanically drawn 
true enough,that there ſhall be no ſenfible error,and if the 
error be not ſenſible, it isno error im practical Mechanicks. 
Next, were it the true Spiral, yet 1t would not be more 
Geometrically Delineated than this which 1s here requi- 
red, and- at beſt it would prove but a Mechanical ap- 
proach, which is (ufficient for the effect to be produced 
by it. 

” Theſe two laſt contrivances do keep the flame of the 
Lamp always inthe ſame place, and of the fame ſtrength 
and fulneſs. But the fucceeding ways, though they 
maintain the flame in the ſame degreeof ſtrength and 
nouriſhment, yet by their motion upwards they may be 
made to increaſe, and intend the heat produced by them 


in: the bodies poſited above them, which is of you 
uſe 
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uſe in many Chymical and Philoſophical Experi- 
ments. | 

The eighth way then is this: Make a Cylindrical or 
Priſmatical Receptacle for the Oyl exadtly like the for- 
mer, with: its Arm, Socket, Wick, &#c. and fit into it a 
Cylindrical or Priſmatical Plug, as in the former, that 
may. be able to-fill the ſaid Receptacle. Fux this Plug faſt 
into ſome WallorStandard, ſo that it ſhall not be able to 
ſtir 3 Then by the help of two Lines faſtned to a Coun- 
terpoiſe at one end, and, the other to the Ears of the Re- 
ceptacle, ſo counterpoiſe the ſaid Receptacle that it ſhall 
have no weight or gravity downwards, but in a 
perfe&t equilibrium; I fay, whatever quantity of Oyl 
there be in the ſaid Veſlel, the Superficies thereof ſhall 
always be in the Plain which is equal to the top of the 
Oyl when the Veſlel tsfilled as high as is defired, which 
will very plainly appear to any one that ſhall examine 
and conſider well this following deſcription, and com- 
pare it with the Delineation of the Inſtrument in the 
pinth Figure, where A A repreſents — for the 
Oyl of any convenient capacity, made Cylindrical or 
Priſmatical, to which 1s fa a hollow Neck or Arm 
BB for m—_— the Socket C, to which through its Ca- 
vity ( being made hollow ) is -conveyed-the Oyl or Pa- 
bulum for the continuance of the Flame D ; into this Re- 
ceptacle fit a Cylindrical or Priſmatical Plug, ſo as it may 
pretty equally fill the faid Cavity of the Receptacle, 
yet-notſo as any ways to hinder the (liding on upon it of 
the Receptacle. Let this Plug then be fixt by the top in 
any convenient place Perpendicularly, and ſetting the 
Receptacle undemeath it, Counterpoiſe the ſame when 
filled up with Oyl by a Counterpaiſe I,, which is faſtned 
to the two ſtrings F FFF, by which the Receptacle is 
to hang, which two ſtrings for their more eaſte (hiding to 
and fro move upon the two Pulleys or Truckles GG, 
that are fixed to the ſame frame to which the Plug E E 
1s fixed 5 which being ſo adjuſted, as faſt as the flame D 
conſumeth the Oyl out of the Receptacle A A, the 
Counter- 
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Counterpoilc Þ raiſeth the faid Receptacle on upon the 
Plug fo far'till the top'of the Oyl beequal to che height 
itwas at firſt counterpoiſed at, to which height it always 
keepsit till the whole be conſumed. « 
ThisJa{t way of poifing the Liquor or Oyl doth make 
the Superficies thereof run higher and higher as the 
quantity thereof 1s more and -more conſumed, which 
fordivers Expedients in Mechanicks, Natural Philoſophy, 
and Chymiſtry is of excellent uſe, as I may hereafter 
have opportunity to ' manifeſt upon many occaſions 
wherel (hall make ufe of them; and it would be.I fear,too 
tedious tothe Reader to have them here enumerated. 


But becauſe it may not pofhibly be ungrateful to him 
to have ſome uſes of this Principle here hinted, I ſhall 
now ſpecifie a few, and hereafter add many more, toge- 
ther with a great number of other Poiſes for Liquors 
which ſerve for very differing effe&ts in their kinds, 
not leſs conſiderable, but rather ſomewhat more ſtrange, 


2s __ yet farther removed from the common practices 
and diſcourſes of Hydraulicks. 


\ The firſt uſe then that I ſhall mention of this Liquor- 
poiſe ſhall be in Hydraulicks, viz. to make a Ciſtern of 
whatever bigneſs and depth is required to deliver all 
Its water at the top, orſo near unto it as it ſhall be de- 
fired : By which means nothing of the Deſcent of the 
water falling into the Ciſternis loſt, but without any la- 
bour or trouble the whole quantity of water that is de- 
livered at the top 1nto the Ciſtern is re-delivered again 
out of the Ciſtern at thetop. This may be done by the 
firſt, ſecond, and ſeventh ways of poiſing Liquors ; this, ' 
that, or the other, of which may be more convenient 
to this, that, or another effect or operation to be per- 
formed by it, which muſt be choſen and applied with 
judgment, according to the occafion, and the circum- 
ftances of it. Every of the three, though they all agree 
together in the producing the etie& of keeping the Su- 
; E * pexrkicies 
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perficies of the water tothe ſame Level, and there de- 
livering it, have yet cach of them their ſeveral proprie- 
ties, which maketh ſome one of the three more proper 
and adapted to onedefign than erther of the other two, 
and each of the other two in fome other effefts and ap- 
plications may be much more uſefully applied than the 
firſt. By this means the whole depth of the Ciſtern is 
gained, andall that water that was uſed to be delivered 
at the bottom is now delivered at the top, and confe- 
quently gains the advantage of the Perpendicular height 
of the Ciſtern to be imployed, for any uſe, for turning an 
Automaton, or conveying the Stream farther, or toa 
higher level. 


A ſecond effe&t performable by theſe Poifes may be 
for delivering any quantity of water with an xfon Fog 
gree of ſwiftneſs, 1o as to continue an equal ſupply of 
water till the whole Ciſtern or Recepracle be emptied, 
the ſpending of the water in the Ciſtern not at all 
abating the ſtream without, the Counterpoiſe always 


keeping the Ciſtern full, and maintaining the current til} 
the laſt. This may be uſeful for —_— or grinding 


ſtones by an Engine; for gauging of Glaſs Tools, or 
grinding glaſſes by an Automaton, in all which caſes 
there is need of a conſtant and equal ſupply of water 
and ſand; as alſo for waſhing and Fulling of Cloth ; it 
may alſo ſerve for various ſorts of Cleplydras, or mea- 
furmg the quantity of time by the quantity of the cur- 
rent of water, as I ſhall by and by hc And thirdly, 
for maintaining any {Jow and conſtant motion, as thar 
of a Jack, or Clock; an Engine for continually ſtirring 
of a liquid body, or ſhaking, tumblimg, and turning of 
dry Solids and powders, of which ſort there are a 
great number of uſes in Chymiftry for the operations of 
Digeſtion, Calcination, Pounding, Grinding, Trituration, 
Searcing, and the hke 3 whichoperations being certainly, 
evenly, and conſtantly performed by an Engine ſupplied 
by ſuch a [iream- of water will far exceed the ſame kind 

of 
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of work done by the hands of ' men, eſpecially in ſich 
operations where the Labour and Diligence is to la@ 
drivers daysand nights together withour = intermiſfion, 
which are Requilſites not at all A Chyrmiſtry, and 
which will weary thediligence of the beſt Laboramt and 
his Attendants. 


A third effe&t performable by theſe Poiſesis the ma- 
king a perpetualand conſtant ſtream in imitation of that 
of a natural Spring or Fountain inthe Earth. This may 
be done if the Cifternbe once in twenty four hours re- 
cruted and ſupplied with a new acceſs of water from 
ſome Pipes, which 1s uſual enough here in Loxdon, and 
elſewhere, where there are Waterworks and Convey- 
ances of water. For as the waſting of the water in the 
Ciſtern does no ways abate or diminiſh the ſtream of the 
water from the Ciſtern, fo the new acceſs of other wa- 
ter for a ſupply to refill the Ciſtern does not at all accele- 
rate it, but the ſtream remains equal; And hence, con- 
ſequently conſtant, and, as it were, perpetual. 


A fourth effect is, the delivering any quantity of wa- 
ter to any degree of ſwiftneſs, and the whole quantity 
of the water by the ſame degree. This is performed by 
tapping the Ciſtern at any patt of the depth thereof, for 
according as the Veltel is tapp'd lower under the Sur- 
face, ſo will the motion of the water be {wifter ; and 
here the depths muſt be m a duplicate proportion tothe 
Velocity defired : Asforinſtance, the Ciftern being tap- 
ped with a hole of a quarter of an Inch bore, at the 
depth of an Inch below the Surface, is found to de- 


liver a certain —_ water na minute ; if it be 
deſired that through a Tap of the ſame bore there ſhould 
be delivered twice that quantity, the Ciſtern muſt be 
tapp'd at four Inches deep; andit thrice that quantity in 
the ſame time, it muſt be tapp'd at nine Inches deep; and 
ſo forwards, as is already demonſtrated by Merſernsr, 
and other Authors. For ſince the preſſure of Fluids 
upon the parts thereof — the ſame roger 
2 wit 
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with the depth below the Surface. And fince the forces 
requiſite to accelerate motions muſt always be in du- 
plicate proportion to the Acceleration, it follows, that 
the perpendicular d ths of the Tap under the Super- 
ficies of the water mult be always induplicate proportion 


to the Velocities required. | | 
The plainneſs and certainty of this truth in Hydro- 


ſtaticks, long ſinceſo fully and excellently demonſtrated 
by Stivixzs of all Fluids, and fo highly improved of 
late in the particular applications thereof by many more 
modern Authors, who have writ moſt learnedly and 
clearly thereof, as well as experimentally and practically, 
makes me much admire at the learned Doctor More, 
who in his Exchiridion Metaphyſicum, in the 11, 12, and 
13 Chapters, and in a Book, newly publiſhed, called, 
' Remarks upon two late ingenious diſcourſes, &c. does not 
only deny this Gravitation in the parts of Air, but of 
Water, quickſilver, and other Liquors. And inſtead 
thereof, to ſolve the Phenomena, would introduce into 
the World a Principle, which he terms an Hjlarchick 
Spirit, which at command acts and performs whatſoever is 
neceſlary to ſolve all the Phenomena of Mechanical, 'Hy- 
droſtatical,and; ina word.all Phyſical motionsand effetts. 
In anſwer to whofe Doctrme about Hydroſtaticks I 
ſhall only urge this one Experiment of the Velocity of 
the current of Fluids, rapp'd and running at ſeveral 
depths under the Superticies of that Fluid, which can no 
ways be ſolved by the Hylarchick Sprit, and we muſt be 
fain to come to the Mechanical and plain Rules of moti- 
on, and to allow every particular of that Flutd to preſs 
with its own gravity whereever placed. And this[ will 
prove from his own words 12 his Exchiridion Metaphy- 
f:cum, pag.113. where explaining very ingeniouſly the 
Hypotheſis of Gravitation of the parts of: Fluids: one 
upon another by the ſmilitude of fx men ſtanding ma 
Line, and prefling againſt a Wall, (which men. he marks 
wth ABCDEF, and the Wall with G) He fays, that 
A the fiſt man cannot preſs. F the Jaſt againſt- the Wall 


G. 
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Bagainſt C, and C againſt D,-and D 
ſe: nor can A PrebBagank © 
nor C preſs D oguink E, nor E preſs F againſt the V 
G, but at. the ſame time it muſt be that B 
preſſes D towards F, and D prefles F towards the 
Wall G,for A C and E,fays he,are here put for Des Cartes 
Materia Celeſtis, prefling the parts of the water within 
the- pores, and B D and F for thoſe parts of the water 
p the bottom of the Veſſel. Bur, fays he, that B 
preſles D, and D preſſes F appears from this, that caſting 
out E and F, D doth run tothe Wall G, and caſting our 
CDE andF, Ballo will run to the ſaid Wall. And fo, 
fayshe, the ſtate of the matter would be if. Gravity did 
proceed from the meer Mechanical motion imparted. to 
the Terreſtrial partsof the Fluid by the Materia Celeſtie 
of Des Cartes, to wit.the Elements would actually grayi- 
tate in their proper places. But ſince there, is noſuch 
thing, -it- is a lure (ign that Grayity doth. ariſe. from a 
higher cauſe, which higher cauſe; he elſewhere ſuppoles 
to bean Hylarchick Spirit. This from ſo plain Db 
ts aſtrange Concluſion, and.contrary toallexperience.. 
Now though, I contels, I ſuppoſe Gravity. to be. other- 
wile performed than: as Des.Cartes. has ſuppoſed; yet da 
I believe his Suppolitions ſoRationaland Ingeniaus, and 
ſo muchabove the Objections/brought again them, and 
fo much better than any other I have yet met with, as na 
wiſe to deſerye to be; elteemed firg4. geliria,: as thelear; 
ned Dodoris pleaſed to term them,pag.1 
It ſhall not be my bulineſs to detend 


ciples at the-preſent,. nor to-let up an 


makes. that ud. run 1s always w;the lame proportion: 


_ -- _— 
"with Iricude of the fluid parts above thoſe holes z 
be "*ronfequently, thar the motion of them is exactly 
according to the plain! and obvious Rules of Mechanical 
motions. And conſequently for the ſolving all the Phe- 
-nomena of Aydroftaticks there is no need of any other 
Principles thart the plain Mechanical Prmciples, which 
fappoket every Terreſtiial Body to have a Gravity fa, 
which is always the fame, and always communicates its 
Gravity to the Terreſtrial Bodies ſubje&ed under- it, 
and not only its own, but the Gravity of all other Bo- 
ditsabove it, which have communicated their Gravity 
that, *ard thar this Gravitation is always the fame, and 
afterh continually by continual repetitions indefinitely 
tiwitt. And that this gravitating or communicating of 
its weight, togethe: with the weight of all other Bodies 
communicated to it, is no ways diftering from all other 
communications or propagations of motion, which the 
Dotor muſt confeſs to be meerly Mechanical, if at eaſt 
he will admit of any ſuch thing as Mechanical motion. 
For I cannot conceive any Realon why the Dodtor 
ſhould not allow for mſtance the parts of a Cylinder of 
Lead to preſs upon one another as much when they are 
kept melted'in an Tron Cylinder into a Cylindrical form 
part over part as when the Lead is cold and divided 
mto ſeveral parts, and laid one over another in. the 
fame form that they were kept in by the — 
Iron Cylmder. Smce if the Iron Cylinder and mel 

Lead, and the Iron Cytmder and cold Lead be weighed, 
it will be found that they have both the ſame weight 
or gravity downwards, and do communicate continu» 
ally the ſame force, preſſure, indeavour, impetus, ſtrength, 
gravity, power, motron, or whatever cle you will 
call it to the Scale. And1ſappoſe the Doctor will grant, 
that if the cold Cylinder of Lead, weighing ten pounds, 
be divided into ten ſhorter Cylinders, that are each a 
tenth part of the whole, and do each weigh a pound 
alone, every one of the upper ſhall gravitate upon every 
one of the lower; and that the tenth, with the other nine 
upon 
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upon. it, ſs the Scale with! ten: ne 
ho equenty are ;eenth a Reg —_— 
nicate 1ts OWN of ane pound, [ vit | 
all rhe othernme St it, which 1s nine: ones - 
if the tenth be taken away, and the-ninth be put. to 
touch the Scale, with theother eightuponit, iriscenaiury: 
that theninth will not only communicate its: mation, or 
preſs the Scale with its own weightof a; pound, but will; 
communicate the motion to, or preſs the Scale with'the - 
weight of eight pounds more, or of all the-cight o_ 
linders fuperincumbent, and the like Ratzocination ma 
by upon "up eighth,” ſeventh, fixth, fifth, fourth, cod; 
ecand, but the laſt will only preſs the Scale with/itsowm: 
—_— unleſs we take inthe conſideration of the weight : 
of the Air, which in this Ratiocination is not nece(=- 
ſary. Since thenT think it cannot be demed but thatthe- 
whole tenſtanding tn. a Cylinder one over another, the; 
tenth is preſſed: by nine, and preſles with ten d: 
weight; the ninth preies with nine, and- is- preſſed with: 
eight 3 the eighth is preſſed with ſeven, and prefles with 
cight, and fo coward and that the prefſure of the: 
loweſt downward is always mane tothe height! 
of this Cylinder. Suppoſingthele to be all meked;in.an- 
Iron Cylinder, but how] in; the ſame ; and fatuar - 
tion, and: finding the 'whole to keep the fame 'weight,,. 
why ſhould we not believe that nu thoſe partswill: 
exert the ſame effects, as to: gravity, on thoſe be-/- 
neath it as the ſame parts; cold,. and. in the ſame | 
did ; fince if the Cylinder of the Fluid: be @ortaed 'by) 
x, 2, 3, or 4, tenths of us me ſame abdtement of; 
weight or gravity will a Having {enioully perufed. 
all the Ratiocination t rake Decor bath madaad. 
both inthis late Book, nd in his Exchiridion Metaghy{- - 
cum, I cannot find any convincing reaſÞn. againſt it, but, 
what tems-grounded upon fome-pre-concerved Notions . 
and Hypotheſes which I cannot undlexſtane: ; and L can» - 
not ſee how he can avoid acknowledging this to. be a - 


Mechanical motion, if at leaſt he ww. allow. any Me- - 
chanical : 
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_-clagical/ motion at} all;\fince itdoth tyre ahd in” 
alleircurnſtances-fo exatly conform and agree with'the - 
Laws of 'Mechianical motion,” that' I do not know afyy 
difterence, 'norany one Phenomenon of Hydroſtaticks or - 
Gravity but what may be clearly folved by the common 
Rules of Mechanicks:' 0 6 

'Butxo paſs byall 'other Mediums to prove 'this Gra- 

vitarion 'orpreſture of the parts of Fluids one upon 

another, 1 ſhall only infiſt upon this one Experiment of 
the Velocity of tluids, vented or running at'ſeveral 
depths below the Superficies of that Fluid. In which it 
1s obſervable, that the quantity of water/running with- 
ina certain fpace of time 15 always ma Subduple propor- 
tion tothe height of 'the preſſing Fluid above the hole. 

'Fhar is, the quantities of water are in proportion to 

-OnE another as the: ſquare Roots of the ſeveral Alti- 

tades.” '' As tor inttance; it is the obſervation of Mer ſernss 

in'his Hydraulicks, that a Tap of an Inch bore, four 

foot 'under the Superficies of the water will yield a 

pound or pint of water in 13 Seconds of time ; now, if 

it be deſired to make the water run through a Tap of the 
ſame bore:twice as faſt, that" is, to yeild a quart or two 
pounds of water. - This new Alticade muſt be made to 
the former Altitude, as the ſquare of two to the ſquare 
of one; that is, as four to one 5 whence it w1i!l follow, that 
the Altitude of the water above the Tap muſt be made 

ſixteen foot to make the Fap run a quart of water in 13 

Seconds of time. And it it bedefired to have the Tap run a 

Gallon or''erght pints in:T3 Seconds, the proportion of 

the new Alemde tothe. firſt: muſt be as the ſquare of 

eight to the ſquare of one, that is, as 64 to 1, whence 
ao Atiivade of the water muſtbe 256 foot, and the hke 
for any other- quantity or Velocity defired. As if it be 
defired that the Tap ſhould = run half a-'pint in't3 

Seconds, the Tap muſt be pl at one foot under the 

Superficies, which is a quarter | of the former 'Alti- 

tude. Now this is exactly according to the General 

Rule of Mechanicks. Which 1s, that the-proportion of 

the 
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net rl nom, lower oy bg nt edinm, 
which the Body is moved. Now if the 
Door will contend for an Hylarchick Spirit to perforrh 
h contend for it alſo.in 


* Ween how needle ieis to hercondNS 


to perform all thoſe things which are 
by the common andknown 


which are eaſily tobe underſtood 
and are moſt obvious Yn clear to ſenſe, 
aig our minds with unintelligible Ideg” : 
ings, which do no ways tend to knowledge and 
praice, but end in amazement and confuſion. 
the DoQor had proved there were fuch 

an Hy her weje- we Bib Mie be ht 
wikie welel we alſo know how ta rule and govern this 
Spirit? And that we could, like Conjurers, command this 
Spirit, and ſet it at work upon COT we tad _ 
10n 


comes tg, call, 
Spirit, which is Tathe 


COF he ty tion of tmatter, by what 
On foever ag i {0 placed; This Principle therefore 


rching into, and finding out the true cauſes of 


where, and ads all | 
ſhould 1 trouble my nquire mnto-that which: is 
| is beyond the reach of m 


Yor what is dleazex to: be ſeen and. tried by Experi- 


ment, 
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bog yu or can | by porouat 
ments he can anſwer. For if the Doctor þ 
to hand conffered the Ob 


not, Ive, 

es be arited with ſoſlighe and i 

mificant anſwers, as a9 rt to make to:them.. | 

Anſwer. then to the Objettion- which: I brought 
Mages) which: was raifed- from: 

with ; thin pp cory, 


at this: 'Fhat it is not'ev TE 
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he, the B. fuke Qlakeli grand: is ried 
Superkici OT Eltroyed be Gang. Bur, fays A 


Ra npon a: Parallelipiped, and being refleted 
Eerie 


from the 'Refration 
in the ſame the oneat cntring;” an} che IG 


MG. 3-both-which Refratons,. . - ir 
tation-of the Ghlak- the 


Thu he Lyyven rhyme Sauna 


he, fGance it contrary” to - 
dry xe awry 'to all enomeng'of fach 

Parallel fided bodies until they come to a certain degroe 
of 'thinneſs:. For. if his Affirmatiori were truc, then muſt 
all RefleQians from the Quickfilver;. aquarnenney rn. 


galley, — at > little oblique; make: the 


Fanary 


iathe ſame manner as.if it were refratted ar © by G | 
and the Parallelipiped were twice as thick, and conſe- 
generated in E muſt be deſtroyed in 


A endeonequenty prod 

no colours, as really ie doch 

one promote t ration, as he aff 

hen muſs the relied Saperficie I K not. he Puaaleten 
EF, but.inclined toitwith an Angle at LM. pay 
would- F-O, which is impoſſible, and 
Laws of all refledtion,, as he. Ss Le 
my Demonſtration 


'to-- 
about the Reflettions of aGlobe. Not will theDoQors 


prima objeFione won e adea - 
ſolieithe cans. ſt js materis- wag inevte pub ces 


uideat 
For-ſance all tranſparent bodies whatſoever 


= 'thar Subterfags of. ſi 
ſtrange inviſible texture .in.the. body of 
noe x 


ad why i 


will 
muſt hae nnpangs + 
ſhould d6 it at one time, ma gpy eras canis, the Bo 


doth no where ſhew,.nor ſeems:o underſtand. 
Next, whereasin the. ſeventh Sefton of the aid riinc+ 


teenth Chapter (bs a ET ; idones . 
Gutta \ ſcilicet P ations 750 
error, 6m eſt. de eflars... Sed wu (is . 
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co atio. To wha 
wk re — y. the Learned Dodtors endea- - 
veurs -to\ refute it, She notes underſtood” that, 
nor the. Laws: of Refle&ion and Refration a0ccraing - 
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extremitatem E, nam in Fn ours Rn ad-D di 
#erum ad F- ut þ pra dium eft ; ſed Demonſtratio Trge- 
nioſt i Micrographi huc nog attingit 3 ſed probat ſecrindam re- 
frationem in oppoſito Latere fiert ad modums refraB iomis in 
Paralklipipedo C ubi Radizs B N primo *D 
& procurrens verſus extremitatem E ibique inflexw pergit 
poſtea verſws alteram extremitatem G &+ Refringitur in F; 
que Poo on diluit Rotationem prioris refr a@ 01s i in D, 

quippe quod tendemtia Ratii fit tr partes « Ds. WT 
the Learned Doftor had better cor Des ' Cartes 
Dofrine, or the common =_ of Refledion” and Re- 


fraftion, he would have been of b ee, cn _ 


would nat fo poſitively Ne Prlen i Migg moan P 

politively contrary to t s arves, nk 
all -— 27 Lon For if what he affirms'were' f "then 
(as urged before) according to- Der Carter 4 
and the Do&rine he would d, the. © from 
Looking-glaſs' muſt be returned colonred,- an 
alſo froma lain. ſided Priſing, where” the 


Ul Ou 6 Read Why there 1s” no colour 
hs nt to fits: Attetri | 
an Ot 


herek rf bead : c 
onduſiot.  Aea u; Do arte 
e Rotationibus nibit ale Pariſi dl 


gE ata 
Nnich che Line, of Di 
cording to the XIET ſou 
to the greater or a 

pemina froks or the Polls to be the rag of tho ſors 
ween 1:and 2, or 2-and 3,. or 3 and 4; ec. and 'con-- 
ſcquently, in a uniform medium. the: pulle will continne 
the ſame, and the expanſion of it will be Per 


to. ce Lin of Diretion or prog eſs ; but when it comes 
tothe —ppns. an O -4, Obli quely the fide of 
the Pulſe c —_ refrading Supericis Grand be- 


ſecondr ric Jes.g 
a ac EN: we RIES 

ES - C dC Enters uo es 
manner as if it had procceded on-by np ke Tr 
e 1 till it met with a Parallel nn 2 
cd; for the Ray between the yb-Parallel Lines-f by < g, 
hath the ſame inclipation and reſpat ro the Refract: 
Superficies- hg, that the Ray between fmand ei would 


have 
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have to the we mn um prune 
ing Su iesatef. I hangs ous runs 
particularly-to-demonſtrate-every -part of this Ex 


tion, the very obſerving the De ion of the Scheme 
being e1 to makeit plain to any one never{o little 
verſed in Geometry, from which he will -plainly -per- 
ceive that what I endeavour to demonſtrate was - really 
ſo, and that I did underſtand what ſcope my De- 
monſtration aimed at, ſo-far as to hit the Mark, which 
was to ſhew that Colours were generated, where, ac- 
cording to Des Cartes own Principles, there could be no 
Rotation of the Globuli. Now, though the Learned 
Door would not admit of this Demonſtration to be 
ffficient to do the work, yet he ſays, Pag.252, Vernn- 
tamen diſſimulandum non eſt, non panca me meapte opera 
excogitaſſe quibus pro perſuaſiſſumo habeo eorum motue &- 
rotationes modis pure mechanicis ſemper fieri non poſſe. And 
K1-proſeeution of the deſtruftion of this Rotation of the 
Globuli, which he hath hitherto ſeemed to defend, he 
adds four ſeveral Arguments, I ſhall not now ſtay to re- 
p—_— But whoroey will pleaſe to m what = 
Learned Doctor fe opera ted againſt 
Carteſian Hypotheſis, and ſet down'in . 252, 253, 254, 
and 255. pages. And compare them with what I have 
id in the port mernenn- place, =» my at the latter end 
of the 60. and the beginning of the 61x. pages of m 
Mic phia, may plainly find the Ar ms brenda 
by the Doftor do very little, if at all, differ from thoſe 
I-there publiſhed. 

I could heartily therefore have wiſhed that the Lear- 
ned Dottor had made uſe of ſome-other Mediums to 

rove the Exiſtence of an Hylarchick Spirit, and nor 

ve medled with A ts drawn cher from Me- 
chanicks or Opticks ; for I doubt, that ſuch as underſtand 
thoſe ſubjects wall, will plainly fee that there is no need 
of any ſuch Hylarchick Spiritz and if there be no need 
of jt, but that all the Phenomena may be done with- 
outit, then it is probable that there is none _— for 
| alnre 
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Netere ibil agit fraſtre. Ithed betn much eaſier to have 
mar} uo, Eg it by Arguments drawn from fab- 
jeds we leſs perfetly _ as from —_— 

nutririon, vegetation, and propagating of Vegetab 
ning Ea ncen for thee: thpaminr oft < 
of Nature being infinitely more curious andabſtruſe, and 
further removed beyond the reach of our ſenſes and un- 


di one may more boldly affert ſtrange things 
prong Abe Spirit without fear of controul- or 
contraciilice, and from whence poſhbly it may never lic 


within the power of Reaſoning to baniſh him. 


__ But to leave this Digreſſion, and return tothe uſe of 
theſe water-poiles. 


A fifth effet may be for waſhing and refining of 
Eatth, Clays, Powders, and the like ; the clear water by 
theſe contrivances being made to run over gently atithe 
top, and ſo leaving all the ſettlement from the water at 
the bottom. 


By any one of theſe, with a receptacle Ciſtern added 
tot, the ſtream of water from that Ciſtern may be acce- 
lerated or retarded by any degrees defirable.This dothde- 
pend partly pars ps ere ofthe Tap oftheRecep- 
racle iſtern tothe Tap of the counterpoiſed Ciſtern, and 

ly from the ſhape and make of the Receptacle Ciſtern, 
y-the 'proportion and ſhape of which the ſtream of Li- 
quor through the Tap of the Receptacle Ciſtern may be 
modulated at pleaſure, as any one, a little verſed in Hy- 
droſtaticks, will eaſtly perceive and demonſtrate. | 


A fixth effect may be for governing the heat of Lamps 
for Diſtlations, Digeſtions, Fermentations, Putrefatt- 
ons, Diflolutions, hatching the- Eggs of Birds of Inſets ; 
accelerating, and ſeaſoning, or timing the growth of 
Plants; nealing of Glaflesand Metals by the gradual ac- 
ceſs of the heat, ſo as to make them fit for ſtronger 
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degrees to-make then toagh and capable ro re 
rm gjcty of the Air. IF <6 oe 
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A deſcription of a new ſort of Clepſydra. 


=FHis contrivance 1s nothing elſe than that Two of the- 
.8- ſecond fort of Veſſels are ſo contrived as to run 
into eachother and'to empty themſelves and be filled al- 
ternately, and their bigneſs or capacity and the hole 
through which the Liquor 1s vented are ſo proparti- 
aned as'to be emptying the ſpace of an hour, which is 
ealie enough, and may be adjuſted to what accurateneſs. 
1s defired. Then the convex Superficies of the Cylin- 
drical poiſe 1s divided into f1xty equal parts by ftraight 
Lines / nt upon 1ts Surface Parallel to the Axis, and to 

each other; theſe lines by the finkmg or turning of the 
ſaid potſe denote the minutes, and if fmaKker Diyvifions 
of time be deſired, the ſpaces between them may be di- 
videdby other ſmaller Parallel Les denoting the parts 
of each minute to what niceneſs is defired. One of theſe 
Cylindrical Receptacles may be fixt, and the other by an 
alice apparatus may be made to riſe a little when it is top- 
full; and fall a Intle when quite empry below the Level 
oF theother that is fixt: The Chanel between them, 
through which the water is to-run out of the one into the 
other, 'may be a ſmall pipe with a bole in it of a bigneſs 
proportioned, as Tfaid above, to let the Liquor run out 
of 


tacles 97.2 garh 0 pr oe 
Sas 


may always havea l 


filled; the s Dey 


co at all ſenſibly, which I have realy = dex 
theſe fifteen nb Nor doth it grow thick 
or foul b Tp Re the Air, nor do I find it fen- 
ſibly alter _— the heat and cold, at leſt not comparable to 
the great changes which other Liquors ſuffer by the alte- 
rations/of thoſe taning is. an excellent material a 
meaſuring time. in a Machine z and there ma 
hundred of, ways contrived to make it meaſare the. ace 
thereof as: accurately. as. a Pendulum ; and Lhave 
times admired that Tycks Brahe, who was otherwiſe 
curious and exad inthe contrivance and make of kis] En- 
gines and Inſtruments, was yet ſo defehve-in his con- 
trivances of meaſuring time he Quickſilver,when there - 
_wereſo many obvious and catte.ways of doing it, | as he 
ſeems. to complain in: his. works, I haye made erial of 
ſeveral with very good luccels, and found ſome of them 
= payers expectation certain, of which I may here- 
upon an other occalion add the deſcriptions, -when 
I ple the yarious ways of making cy IS 95a 
or Watches. -In' the mean time; being'now ſpeaking of 
Time-keepers, for variety ſake 7 hall ©, kDA ner, 


— —_—— 
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A New Principle far Watches, 
His is a way of regulating both tandingWatches,and 

| movable Watches,cither for the Sex;or the Pocket. 
which ſome tenortwelve years fince. I ſhewed the Roys! 


Socrety,when I ſhewedthemmy contrivances of the — 
CG 2 x 


okanroog 1s alfo palate v7 Tt? ory ofthe f 
ciety,p.247.in.20.This was by a fly moving Circularly in- 
ſtead of aballance,whoſe motion was regulated by weghts, 
flying further and further from the Center 

the. firengrh of the Spring of the Watch had more an 
more force upon its Arbor, The Weights were m_ 
from flying out Eefircher than they * han oo to do by 
trivance of Spiral Spring,drawing both the hit Weights 
to the Center oo the motion or fly. in the ſame proportion . 
asT then demonſtrated Grayity to attrat theweight of a . 
'Eircular Pendulum, moved- in a Parabolical 
'towardsthe Center or Axis of its motion. The Wei 
were fo contrived as always to counterpoiſeeach ot 
'The Skeleton of this fly you- have: repreſented in-the 
Figure. The particular explanation of-the-parts, and 
the Geometrical Demonſtration of 'thePrineiple both of 
the Springs, and of the flying from hs: Claer; I 
ſhall explain in the Theory of Springs, and inthe de- 
ſcription of Time-keepers and Watghes. 


Of Mpraovppt xamund/aZny 0 opyeroy apfim: ip, 
«20. 0 O70 I 4 $rreatge'>-" honey”  boten To ee Up gay; 76 
4 cuT4OY, ZnAcy, Ari | 


nm_— _” 
CIR 


| Anlhprrain - the Sed f Mop 


"Ince the ubliſhi of m Micr hv - I have met 
þ, 7 RG Es tich Mns.5 bs of the 
und bodies I have hitberto taken notice of 
et — it atford a hiftof very -great concern in Natural 
ophy ; And it does ſeem to make clear the caufe of 
 aPhznomenon, that hath appeared dubious,not pry to 
me, but to many-othermore knowing Naturahits. I have 
often. doubted; I confeſs, whether Moſs, Muſbroms,and {@- 
xezal other: final Plants ( which the Earth ſeems: x0. pro- 
uce 
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jen hk wuaigd-10;) were the: off-ipring of a. Seed or Gram, - 
thavebecn apt to-believe, that they were racher. a 
moreinchned to that opinion, becauſe havi formerly 
examined ho SY Seed-cods of Moſe: with a 
fingle Microſcope, I coiuldnat perceive any: thing in them 
that Icoultd imagine tobeSced,at leaſtngt fo great a quan-+ 
tity as ſeemed neceflary.to maintain ſo numerous a Proy - 
geny, as was every. Whereto be found of itz that, which 
then came out af them, ſeeming to be rather a pulp--or 
ith, than-any thing like the Seeds mother ſigular Gods. 
being ſince ſomewhat more inquiſitive, I did exa- 
mine ſeveral of the above-ment Knobs or Seed-veſe 
fels, and found that there. were ſeeds in them, no leſ 
wonderful. for. the. greatneſs. of number, than the ſmal- 
nef3 of. bulk. Taking then ſome of the ripe' and brown 
or.reddifh ones of them, and profingeben petty hard, 
Ifound, that there was a ſmall-duſt went out of, them, 
which ſcemed:to vaniſh into the Air, Fxelbpganc:Guee: | 
zing others| of_thefe upona black-plate; and .exammi 
the powder. with. a Microſcope, I i itto be a great 
heap of excceding .{mall; 'Seeds,-. Globular, and. pretty 
tranſparent. It as the ſmaYel(t, ] confeſs, I have yer ſeen; 
and, :itindy be; thathas imhertobeendiſeovered.- And, 
unle(s- that: be a::plant, which I diſcovered mrowingion | 
the —_ leavesof Roſes,: and that thoſe. imall bodies 
be ſeed vellels; or, unleſs thake Knobs, 1havediſcovered 
onthe. top- of..mould, be: the hikes I-cannot. preſerely 
unagine where'there {boulil” be: found? a ſmaller. For; I 
Cnc that there will need no leſs' than tharty fix hundred 
of them: to be laid one by/another; 1m a line,to make the 
| £an:Inchs and, to aover.the Superhicies of -an 
Inch-ſquare, there will-need no lefs; than-nine hundred 
Wc nu PTE 9 On ft of a 
Seeds - | Y; ut - 1& tman gulgr Ys 
To will need no lefa-than two hundred-and fourſcore 
t befides ſeventeen Millions. of. ſingle . grains. 
And the number in a grain weight of them cannot be 
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[eſvrhar70nethouſand three hundred cighty- two Millions 

and fou? RT hott about eighty 

of t <p x a ar'ErO Vang laid one upon 
OT 


another the Tg pou 1s orgy _ 

{> the thic a piece of fine Paper, a ſquare 
Fnch. of 'which weigheth a grain. | And though this 
may fee /a moſt''meredible narration 3 yet I would 
ddire ſuch as are apt'to be ' tos cehſorious, to take the 
painstogather a few of theſe Sced-veflels, and examine 
thenias I have done, and then ſpeak what they find, and 
believe - no -more than-their own; ſenſe and reaſon wil 
mform them, and' they! mayeaſily fee, that: whati have 
aſſerted: will be rather ſhort of than excecdthe real mam- 
bers. "Now it this Shell of the Seed be thus ſmall, how 
much ſmaller muſt needs be the rudiment of the Plant 
that lies encloſed within'it ?\ And how eafily may: fach 
Seeds be drawn up:itito the Air;:and carried from place 
and place/ieverrts the tops of the higheſt Towers; are 
places moſt remote, and be ſowed'by:the paſiing Air,'or 
falling drops of Rain, -on the boughs or branches of 
Trees, ſides and tops 'of Walls;-:Haufes, ' ov Steeples ? 
And it isnot inthe Art of man'to leave Earth expoſed -to 
thecommon Alr, and'to exeludethe emrance, orprevent 
the ſowing of »theſe imperceprible Seeds ; and theretaze 
it is not'to be wondred at, that, if any-earth, ;thoigh 
never ſo pure, be expoſed to the Air __ Rain, though 
at the topof a Steeple, it will produceMoſs. . 

Further mquiry may poflibly inſtruct! us; that there 

may be Seeds of Mutton! Mould and other Vegetables 
of -as{mall, if novſmaller, bulk, which may mY - 
fed and mingled 41th the Arr, and carr: onal foe 
with it, till waſhed 'down by the fallin Jropentidens 
_ Reains 4 which, if they chance to lightion:a conveni- 


efit ſoy], do there Vegertate ahd' —_- upz(bar:dycand 

Foun if the ground, 'they lhgh 745  NOt natural and 
ecable. But whether this - eur bit Ong 
rratzon wall determine. 
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© vIdits* "diſcovery | madeithe.year alter tht late Fire of 
Lodglen; th wit; :I1 the:ytar 2663. thete being\then vaſt 
uvantitics of it tobe found every. where 
the Raines leftby that Fire) which made. me, 1 
very muck won = fiſt how fach. vaſt euarriieribenld 
come t& be ther ſo ſfaxddenhy rooted, and was the oecafi- 
ano \my\mors firib examinationof it; « This Tpreſently 
ſhewed to. many 'of' my Acquaintants, and the next 
yeat 1668, upon the eleventh of JwreT brought an ac-- 
count of itinto the Royal Society, where I ſuppoſe it may 
pr remain upon: theirRegitter 3 3 and it 'was not. 2 little 
\toall rhat fav 1t,, when they conſidered how 
exceedingly ſmall:each particular Seed was, ad yet how 
infinitely vaſt the mamber of them was roduced by each 
Plant. How prodigioully ſmall the y and 
rudiment of thatr'Plant muſt be thatwas luced by it.; 
now, though indeed the Plantit ſelf be one of. the ſmal- 
leſt, yet this Seed of it was much ſmaller mn compariſon 
rothe Plant than the Seedsof molt other Plants compa- 
red with theirs. Bur about two years .after thisT re- 
ceived from a very ae friend of mine at Briſtol, the 
tous and Inquilmve Mr. }V..C. a Relation: of fome 
hter diſcoveries of - his, which feemed much to outſtrip 
even this, whether the comparative magnitude. of the 
Plant,: and of the Seeds, or the number of the Seeds, or 
the curioſi ity of the Secd-boxes, or the ſtrange way of 
ſowing and diſperſing, or the place and manner of the 
Seeds production be conlidered. As they were ſent to 
me by. him 1n a Letter' from Briſtol, dated September 20. 
1669. take them in. his own words and deſcription. » 


1 JOtmithſtanling . my many other Avecations, vary, of 
diſcoueries do cine hops —_—_ mn 


but mere eſpecially tbjs of in the 
deteFing of that. which all the Phileſaphers ”" ah cans 
of former Ages, bave been. —_— ; 5. we may.well 11a- 
grime from what remaius"'me have of my My Dif COnrery 1a 


fort was this, that all the kinds or four jes of Ferns "7 
wit 
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withall the TrheCapiBary Plante their C s &2( this 
Tmear chiefly 2 ihe Wiftie eficles comtenring i 
Sr” Fr among the hundreds [heve __ To make 
i. demronftrable. to you, I have now ſent' yout bath the Plants 
with the Seeds on then, and the Seeds of ther ſame Plant; 
apart 'in —_— by themſelves, which T took off from other 
Plants of the fame hind, having plentiful parcels of each 
(exceptingof what T have not ſent you ) this being the ſeafor 
of per feng. their Seeds. { thought. to have ſent you draught: 
of the Seed Veſſels, as they appeared preſently after gathering, 
ut could. not. I preſume ſome of the Veſicles or little boxes 
may remain whole, ſo that by your Microſcope you may ſee 
their true fiqures and: diſtin@ions, ſome of them being more 
flatted . on each fide the little ring or emboſſed girdle encom- 
ing them, others more ſwetting. 

Alſo thoſe little rings or bands encompaſſing the boxes are 
different, in ſome of the kinds broader and flatter, in others 
n— ard Santo Ap _— get a ner, ir the 

7167 rts of their farm. I prrpoſe to draw t Fes 
on.” a they — by the Microſcope, together with hed 
Sceds, and to add deſcriptions of all circumſtances conſide- 
rable, and joyn them to the reſt of my dranghts of that kind. 
Some particulars meſt conſiderable 1 now give you in the fol- 


(following account. 


I. The little boxes containing the Seeds are-in moſt of 
theſe Plants not half, and in ſome not above .one'third, or oxe 
quarter as big as a very ſmall grain IF vos white ſand ; 
appearing like little bladders in with rings or bands, 
ſhaped like certain little worms 1 t with, whioh may be 
referred to the Teredo'r and Ernca's. 

2. As near 45 ] could compnte, ſome of theſe bladders con> 
tained about 100 Seeds, which: were'ſo exceeding (mall, as to 
Le wholly inviſible to-the nakedeye,and indiſceverable without 


: Microſcope. | s 
2, The 
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3. The Lreves « both” the Perms,' epecialy the. contttron 
Female +7 (t ty gr. are og 7 9 Pore with Seed 
than axy of the reſt) ana'the other 1 now ſend you, being kept 
cloſe withont bruiſing, and Joes nhl. care e WE t 
In, or ary Atr., the bands - i; * $a ripe, 
will rontrat themſelves and Ay all their Seeds all 
about, after the ſame nranner as ſame ther ſol Plants, ſuch 
& the Perficaria Siliquara, ard ſome of footed are 
vr ohne to do. This I have obſerved Th a ng/e CONVex 
ſs ns well as with the Microſcope, but with F Yatter only 
7 conld drfcover the falling of the el "And a epreey ys ants 
of the Seed 'being rubbed or ; Ne 'ed off from the Leaves upon 
a. fine piece of Pyper or Parchment, ee Doty AY together into 
ap, many of thoſe boxes breaking together,” and juſtling 
pu ets wr ACE rar the heap ſeene,.as it wer, £. fil of Mites 
or Hving Creatares,” even tothe baye eye; and 4 the place be 
free from moiſe, \ and the Exy be cf applied, the crackling cf 
them upon” breaking ' may eaſily 'enongh be beard, and i 
running over the Paper with « Microſcope the Seeds te 
foung nd pee ſed, and thrown at a great di 70 | 
of the Seed-weſſels, a alſo "+ BE Seeds of all 
the 'Þ erns ant Jed f eh Come enters. ala eillary Plants, 
m__ near of Fe e ſame ſhape © any ſtze, notivthfending the 
va oportion between them, 4s particular common Fern, 
Ay xe, Harts Tongue, and Oſmond: Royal, the firſt three 
of "which" Deb g very remarkable” for their unlikeneſs.to, each 
other, 'and'the Haſ chiefly for its excellang jo many” thouſand 
times in magnitude that 0 al Rue. Which obſervationsamay 
rem to confirm the a fa of ſome learned na that 
the affinity of Plants are to be judged by the figures of their 


Seeds. 
s. That Ofmmnd Riyal, which excelleth all the WL Ferns 


both "in greatneſs, comlineſs, and vertues, and which hath 
beetr artounted barren, with the reſt hath Veſſel and Seeds of 
the fame freure with- the other,- and very near of the ſame 
ſize, the extreme ſmalneſs of which, even to inviſi bility, and 
the grentneſs of the Plant, 'one root whereof, with all the 


growth ont of it, T have "ond weighing te teu Ty and bets 
H ter, 
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ter Iy more Moſs Seeds 5 of 
WE, T have j- kinds of —_— that a great 
unmber of them, with their them eres Leever, and Seeds, 

do not weigh a Grain. Beſides, I have found of the common 
Female Fern ſome which been from the Roots to. the ut- 
moſt top /o the Leaf nine foot high, and within theſe three 
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days meaſured the common bro leaved Male Fern ſta foot 
je.” an half long; ſome of the Leaves, of which are among 
thoſe I now ſend you. 

6. But that which appeared moſt admirable, both to me 
and ſome other Gentlemen that were witneſſes of it with me, 
was the many differing kinds of ſmall livi ng Creatures, wholly 
7nvifible to the naked eye, and even through largely mag 
ing ſpeQacles, though ſome of them were to be Ten thrand 
deep Convex glaſs ;, but with a Microſcope, when the Plant 
was newly gathered, they might be.ſeen n1mbly runningup and 
down among the Seed-veſſels, i, <f Same i them were ſo 
ſmall as not to be above twice as big as the ſmall Seeds in 
the bladders; a deſcription of ſome f which I may hereafter 
end zon. 
4 hve ingloſed in the box ſent you twelve ſorts of Plants 

this tribe, being the greateſt part of the number, and only 
pf ſorts of the Seed; : & f « 8vrAp, are the Cetrach, Wall 
Rue, Maiden-hair, and Polypody, of which. notwithſtand- 
ing you may ſatisfit your ſelf in a mean time till I can 
ſen them green by thoſe [mall parcels of the Plants which 


you will find amongſt the reſt, though by - keeping they are 
withered. 


The Seeds of the Ferns through a very excellent Micro- 
ſcope appeared of the bigne ef of 4 ſmall Vetch or Seed of Len- 


tiles to the naked ege, and ſome of them ſlrink like t 
of white Peaſe, with nel regu r knobs and hollows: Hot 


of Polypody are differing in colony and bein nd 6 
Fd the thor, are pb red, and rocky gf the "Seed: 9 
the praller Medicas that is of a Kidney 2 foape: All the reſt 
F found very near of the ſame form. ' I cannot omit. he I 
abſerved in Cetrach, whic Fd 1 have heretofore often cox- 
i dered; and wordred at the ill febewred roughneſs on the un- 


der 


Fd. >; Ki « © 
4 Kee ro 4 W _ 
_— Yy 


2. ©, 
kb = 
"348 ©» 
. S a * 


> "+. 
| (5t) 
der fide of the Leaf, appearing like the fleſhy ſide of tarn'd 
ans ef _ a> i = what Natzre meant in it, but 
now by my Microſcope I find it a very pleaſant obje@ differ- 
ing from all the reſt, nf avg the curioſity oy ( me 4 
Plant ſo abje& as that appears ) is ſlewn beyond imaginati- 
ow. This, when freſh gathered, and not bruiſed, appears 
through the Microſcope like fine thin Membranes, ſuch as the 
Wings of Flies, chequered with figures after the manner of 
Homneycombs when the cells are full of honey, and cloſed with 
Membranes, amongſt which, as in ſo many Cells, lie the Seed- 
veſſels, ſhaped as before is mentioned. I doubt not but you 
have read the ftrange ſtories and fabulows conceits of Au= 
thors about Fern Seeds. But Parkinſon is more Orthodox in 
ſome things than any —_— : For he poſitively concludes 
from Gen. 1.11, 12. that all Plants have their Seeds, and 
conſequently Fern ;, where if he had ſtaid, he had aſſerted a 
general truth : But in coming to particulars, he affirms as 
great an untruth, in ſaying, fol. 1036, and 1037. that the 
Seed is ripe at Midſummer, according to the old traditional 
Fable, and tells how it may be gathered ; whereas now is the 
very ſeaſon of their ſeeding, and at Midſnmmer this and the 
reſt are not come to their full growth, before which no Plant 
eds. That duſtineſs which he ſpeaks of, and calls the Seed, is 
n0 other than what is found on divers other Plants, being an 
irreenlar Duſt, and is not found on the borders of the dents 
the Leaves on the under fide, on which the Seed grows, 
ut all over ſprinkled on both ſides, and not found when it js 
fully grown. This he affirms of the Male Ferns, which are all 
differing very notably from the common Female Fern, con- 
cerning which the fabulous tradition is held. But after in 
the following Chapter of the Ferns and their Relatives now 
ſent you, he ſeems to give over his Scripture Propoſition, and, 
ſpeaking of the Seeds, ſays no more but that they have ſpots, 
daſhes, ſcales, or marks on their back:(ides. And of the Of- 
»und Rozal ( ſpeaking of the buſh at the top of the Plant ) 
ſays it is accounted as the Flower and Seeds. And of the Lo- 
chitis aſpera ſays plainly they have none at all, Of this laſt 


I am yet to enquire, but doubt not I ſhall find that it hath 
H 2 Seed 


(52) 
Seed. like the reſt. Of 'all which Gerrard and Johnſon his 
me | _ S—_ ( having indeed no demonſtra- 
ble ground to the contrary ) that ſome have been tog raſh ing 
rmting Ferns to have Seed. 1 intend next Summer to ob- 
ſerve whether thefe hitherto unknown Sceding Plants have 
Flowers. In the mean time I am, ec. 


Briſtol. Septem- WW C 
. ([.,c 


ber 30. 1669. 


tens ee is 
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Maculez m Sole. 


Uring this laſt great heat of weather in June I obſer- 
D ved a very conſpicuous Macuta with its1mmediatly 
incompaſling Nubecula, and ſome other leſs conſpicuous 
Spots at a further diſtance paſs over the Disk of the Sun, 
and found that it was neareſt the middle when the heat 
was, greateſt, that the heat.increaſed as it. came nearer the 
middle, and decreaſed as it; departed from it. It may be 
therefore wortb obſerving for the future whether the like 
weather do not happen upon the next appearance of the 
like Macula, fince it ſeems not very umprobable to ſuppaſe 
that the body of the Sun it ſelf may be much hotter when 
ſuch eruptions appear, theſe Maculzoften times ending in 
Fxculz. And the rather becauſe I am mformed that this 
extraordinary heat hath not been peculiar only to Ezg- 
land, but very general to Exrope 3 what it hath been to 
other parts of theworld further intelligence will informus. 

Upon a {econd appearance of, Spots in the Nisk of 
the Sun at the latter end of J=ly and the beginning of 
Azguſt, when at one time, to wit, July 29. there appeared 
about ſix greater and ſmaller in one knot with their-preper 
Nubecules or Umbra's, the heat of the weather again 
increaſed toa very great degree, and abated as they drew 
toward the Limb, and grew fainter. But it hath now 
lince the diſappearing, v3z. on the fourth of Avgaſt, been 
exceeding hot alſo, though Ido not find any Spots this 
ſeventh of Axg#ſt; 1t may therefore poſſibly be thatother 
parts of the bocty of the Sun may have an extraordinary 

inflammation 


—_ 


(53) 
inflammation which may cauſe fo fervent and laſting heats 
as have hapned this Summer, At leaſt this Hine may 
deſerve ſome farther Inquiry, for though probably it 
may not be attained to predid the appearances of thoſe 
Spots, yet poſſibly the appearances of the Spots may 
ſerve to predict the future conſtitution of the weather. 
At leaſt it ſceras worthy remarking that the greateſt heat 
thagbath beenin the Air this year was on thatday of June 
when the firſt Spot was near the middle of the Sun. 


POSTSCRIPT. 


He Publiſher of Tranſa&1ons in that of OfFober 

| 1675. indeavours to cover former injuries done 

me by accumulating new ones, and this with ſo much 

aſtion as with integrity to lay by diſcretion; otherwiſe 

- would not have affirmed, that it was as certain that 

none of my Watches ſucceeded, as it was thatT had made 

them ſeyeral yearsago : For how could he be fure of a 

Negative ? Whoml have not acquainted with my Inven- - 

tions, fince I looked on him as one that made a trade of 
Intelligence. 

Next whereas he ſays I made them without publiſhing 
them to the world 7» Print, he prevaricates, and would 
have it believed that they were not publiſhed to the 
world, though they were publickly read of in Sir Joh 
Catlers Lectures 'S5 great numbers at ſeveral times, and 
though they were made and ſhewn to thouſands both 

iſh and Foreiners, and writ of to ſeveral perſons ab- 
ſent, and though they were in the year 1465. in the Hi- 
ſtory of the To Society publiſhed to the world in 
Print, becauſe, torſooth, they were not printed in his 


Tranſactions. | | 
Thirdly, whereas the Publiſher of Tranſactions makes 


a long ſtory of my ſeeing his Journal De ſcavars, and my 
deſiring to tranſcribe that part of it which concerned . 
this matter, as if I had requeſted ſome ſingular favour 


thereby. I anſwer, 
Firſt, 
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Firſt, that he knew Idefigned preſentlyto have printed 
it with Animadverſions, bue he |= wa hoch- to 
me, deſigning firſt clancularly to get a Patent of it for - 
himſelf, and thereby to defraud me. 

Next, I fay, I had a right without his favour to have 
ms. 7m wc copied R, as I was one of the Royal Socie. 
ty, theintelligence hethere brings in being the Societies, 

Then it is denied that the Deſcriber of Helioſcopes 
well knew that the Tranſcriber of Intelligence would pub- 
liſh it in his Tranſactions, though it was believed it the 
publiſhing it would mjure me it would not be long con- 
cealed ; -which-was the ſole reaſon of Printing inthe ſame 
Tranſactions, viz. 142. a Letter' which he had ſeveral 
years before. 

Thirdly, Whereas he aſſerts that ſeveral diſcoveries of 
the Accuſer had been vindicated from the ufurpation of 
others. It.is anſwered, the clean contrary is upon good 
grounds -ſuſpeted from the Publication 'of a Book about 
Earthquakes, Petrifa&ions,e*c. Tranſlated and Printed 
by H. O. the manner of doing which 1s too long for this 
place. Such ways this miſ-informer hath of vindicating 
diſcoveries fromthe uſurpation of others. 

To his upbraiding me with his having publiſhed ſome 
things of Mine; I anſwer,he hath ſo,but not ſo much with 
mine as.with his own defire, and if he fend me what I 
think worth publiſhing I will doas much for him, and re- 
pay him in his own coyn. 

Laſtly, Whereas he makes uſe of We and Us ambigu- 
ouſly, it is defired he would explain whether he means 
the Royal Society, or the Pluralities of himſelf. If the 
former, it is not ſo, as Ican prove by many Witneſſes; if 
the later, I neither know what he 1s acquainted with, or 
what has been imparted or explained to him. 

So not deſigning to trouble my ſelf any further with 
1.3m, unleſs he gives me occaſion, I diſmiſs him with his 

Speque metuque 
Proeul hinc procul ito. Ho. 
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ROBERT HOOKE, Secretary of the Royal Seciety. 


COMET el. 


CONTAINING 


Obſervations of the Comet in April, 1677. 

Fragments of ſeveral Lectures about thoſe of 1664. and 1665. 
[Si Chr. Wren's Hypotheſis and Geometrical Problem about 
' thoſe Comets, 

A Diſcourſe concerning the Comet of 1677. 

Mr. Boyle's Obſervation made on two new Phoſphori of Me. 
| Baldwin, and Mr. Craft. 

4 Mr. Gallet's Letter to Mr. Caſſini, together with.his Obſerva- 
| tion of V ſab ©. 
| Mr. Caſſini” Reflections upon thoſe of Gaſſendus, «and Hevelins, 


and upon this. 
Mr. Hally's Letter and Obſeryation of the ſame made at 
St, Hellena. 
Mr. Caſfini's Obſervation of the Diurnal motion of Þ, and 
'L, other changes happening 11 it. 


MICROSCOPIUM 


CONTAINING 


[ Mr. Leexwenhoeck's two Letters concerning ſome late Micro 
| ſcopical Diſcoveries, 
'| The Author's Diſcourſe and Deſcription of Microſcopes , im- 
4 proved foxdiſcerning the nature and texture of Bodies. 
P.Cherubine's Accuſations anſwered, 
Mr. Towng's Letter containing ſeveral Anatomical Obſer- 
L vations. 
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E C potui, nec debui, Nobilifime Vir, cu- 
juſquam alits nomen bis Chartis inſcribere, 

brater Tuum.Sub Te nate, Tibi vitam debent ; = 
A 2 1 


bi queque debebunt quod lugem. afpiciant.. Egpegins ille 
Tuus animus ud inſtaurandam Philoſop — 
adeo omnes utiles,nihi homie, alioqum 1 ubtimido, auda- 
ciam bujus dedicationis fecit. Ego que nwnc potui, pro- 
fero,magis ad Gratulationem oftendendam quam Erudi- 
tionem. , Spero autem , quemadmodum ſub Ty. 
PRASIDIO majora indies Augmenta Scienti- 
arum in hac gente fiunt, ita exorituros vires doftos, 
gui Tibi juſt preconia laudum perfolvant , quod ego 
pre tenuitate ne conari quidem audeo , quanquays cum 
primis ſim , 


__ 


Dignicitis & Honoris Tui 


Studiofiſſimus, 


RozerTus Hooks. 


SY.N0- 


IS EDS 


SHE Comet feen April 21. 1677. between the Triangle 
"WH and the Cloudof Y, its tail notdireQly oppoſite >the 
j ©, its Magnitude, Brightneſs, Head , Nucleus, Blaze, 
(1.) way ſometimes thorter, ſometimes longer ; without ſenſible 
motion'of parts. Explanation of the firlt fgure, as ſeen by the eye. 
(2.) Ofthe ſecond Figure, as ſeen through a glaſs, of a parabolick 
termination , differing trom the repreſentations 6f Mr.  Hevelius. 
(3+) The Mcdulla, and blaze with the manner of fhortning and 
lengthening, explained by the third hgare z not ſeen the 229. -but 
the 23d. The bigneſs of the Nucleus and Head-through» a Tele- 
(cope, compared with- the top of a Tower. (4.,) The place it 
then appearcd in. Why the motion was not more exactly obſerved. 
Its blaze ſtill not oppoſite to the Sun. The 24th. not ſeen,nor 25th. 
C5.) though the Sky clear by reaſon of the height of Vapors. How 
they do lengthen the Crepuſculum. Why Phytical Remarks only 
were made. ('6._) Publiſhed in order to underſtand Objections,and 
propound pertinent Queries. Some Obſervations, Notes, Queries, 
&<, concerning the Comets in 1664. and 1665, here. Colk&ed 
out of ſeveral ſcattered Papers and Lectures of them formerly read 
here imperfect. Qu of its ſubſtance, magnitude, denſity, muta- 
bility, diſſolution, fluidity, gravity, light, igure, motion bended or 
ſtraight, (7-.) with equal or unequal velocity, in the Atmoſphere or 
#ther, above or below the Moon. Whether it waſts, or laſts to re- 
turn. The Star of a compacted light ($.) varied pothbly from po- 
fition, partly from real change, Tail tranſparent , Body fuppoſed 
more denle, fide toward the Sun evenly dehi'd, Encompaſied with 
a fluid yielding to motion, butdiffolving its parts. Its light from its 
ſelf. (9. Its Nucleus ſuppoſed denſe potſibly as the middle part of 
the Earth, of which ſome conjectures. Diffolved by the Atker as 
in our Atmoſphere. ( 10.) Argument tor the looſenels of the cen- 
tral parts of the Earth-from the variation of magnetical direction. 
(11.) The Nucleus of Comets poſſibly the fame. Internal motion 
may weaken gravitation, Parts {cparated may be agitated by-thc- 
2ravitation of the ©. Tail made not ſo much by the particles rece-- 


ding as the Stars approaching the Sun. (12.) How: the. Comct: 


may. firſt loſe its Orb in the Univerſe, and paſſing through the: 
A 3. {phercs-- 


HY ; _—_ 


Le LA ye nn en 


a fiream. ( 16.) Enquiry about the magnitude and place of Co- 
mets. Many fuppoled them {ubltuvary. Tyche and Kepler greed 
them coeleftial. How fax we may rely upon Obſervations tor Pa- 
xallax. Paraltax and its effects deſcribed. ( 48.) Tyebs 
the Camet of 1577. to move about the Sun. Kepler that of 15607. 
to-rmove in a (traight line z that of £664. had no ſcalible' Pazal- 
lax by what means it was found. (19.)) Retraction in this way 
varices little. Theory of Comets detective as to Parallax hitherto. 
Parallax not tobe enquired from the Obfervations, of ſevexal men. 
Ervors.cucep in fromthe Pucfs and the Graves , as im P. Gottignies 
Plates. ( 20.) Nothing to be concluded from Qbſervations 
made by perſons iv differing places for want of accurate Inſtru- 
ments, and Obſervations. (21.) Even the belt as Hevelixe, Gat- 
ontes, Petit. or Amzont err. Some reaſon for this aflertion., Mok 
the reli alcogcther infigniticant. (22.,) Want of Obſervers, 
Inſtruments, and Tables the cauſe. How theſe wants are to be 
ſupplied. What the world expects from Mr. Heweline. ( 23.) And 
of how great uſe his Tables. and Projections made by thera will 
be. Parallax from diurnal motion failing, ( 24.) Other Pazallaxes 
ariling from other hypotheſes of the proper matiens either of the 
Earth, or Comet, or buth. together conſidered arife to a certamcy, 
(25. ) Others depending upon other luppolitions dehne nothing of 
the magnitude or. difiance of Comets. The inconvenience of Ty- 
cho's, and alfo of Kepler's Hypotheles explained. A third way L have 
taken, What conſequences tolow from it, ( 26.) As that it moves 
12 a Circle that comes within the Earth Orb m 4, and without 
X Orb-in =, a fextant in 130 days, &c. This not relicd on , be- 
cauſe there may be other hypotheſes to lolue the phanomena.;. as 
that-the Earth ts unmoved;and the Comet moved 1 a Circle, whoſe 
convex {ide is toward the Earth. (27.) This hypothelis explained. 
by the ixth-figure. ('28._) The diliance and bignels of the Circle 
of the Comet undcterminable this way without a diurnal parallax, 
imce the appearances may be folved by Circles of any bignels, pro- 
ved by the cighth hgure,(29.) Allowing inequality of motion, or 
more 


STNOPSES. 


curve lines, nothi be determined. The cir- 
cater Orb it feered the ot pr i ſolves Keplev's wi a3 


according to the increale of a ine of T ts. (30)A gravitation 
towards the Sun makes out the motion the Comet, and Planets, 
andof the Blaze. The Blaze explained by c t of & diſſol- 
ved in oyl of Virt. (31.)This iment and hypothefis farther ex 
plained,and applicd tocxplain the Blaze which is from thence bent, 
on one {ide than the other , not dire& from the Sun. 

(32.) Comerica} body and motion as old as the world , yet waſt- 
mg in the Ether; explained by fire. Diſſclution by menſtruums. 
$1} 9 2637 ik, a of Comets conjectured,and the ſum of 
diſcourſe repeated, being the end of = LeQture. Re- 

= __ bo Brabe's Obſervarion(34.)for making out theComers 


Orb. His fo 1g its motion unequal without reaſon a thift, Ms 
Horrox his A car gry in the ninth hgure a produCt of OD 
(35+) A diſcourſe on it, and fome objections againſt Tycho's. 


(36 . ) Kepter's hypotheſts examined by thefe Obſervations of Ty- 
cho's, found the moſt likely, but with ſome alteration. Line of Tra- 
jcQtion bent a little. Motion accelerated towards the Sun, retarded 
from it. (37.) The {wifter aud further ED the 
_ the lels the ben mie by the wy e. (38s. tidy i 
parallax cops, (39 ther laine 

rms, was, Lone two Obſervers in pe. 3 s $15: me ed. The 
third way < Sir Chr Wren his Majeftics Surveyor-General;( 40. )Set 
down ws demontirated by a Geometrical Problem. (41.) How 
cxaciyall thoſe Obſervations he had were made out by it,together 
with his own Schemes both which I had in the wing of Feb. 

1667. (42.) Some other P I> about Comets added , being re- 
fictions on Mr. Deſcartes a ler's hypotheſes, from particular 
tracings of theComets of 1664. end no A Scheme of the lacer 
Obſervations of that of 1664. 2lded, and ſome refleAtions, being 
all the papers could be found about thoſe Comets. (43, 44.) Ani- 
madverſons on this of April lati. Why the former conjectures were 
adhered to conceming the light of Comers. (45.) Several ſorts of 
ihming bodies enumerated; (46 ) To hich þ the light of the Co- 
met feerms to have moſt afknity, and how ps « C47.) Fur- 
ther deſcxibed and explained. (48.) The reafon of Ks parabolick 
hgure demonfiratcd from the proprieties of motion from or roward 
a gravitating body, thor £-orkl, Iran ng waſting, 
und laſting of the Cometical body. The nature of the 

Particles that compote the Blaze. (50.,) Some yore 9. on this 

ſi concerning the aGhon of che Ether m evitation and 


aſcent, diffolation, ſhining, &c. dcared and explained by Ex 
nents. (51,52, 53.) But would have been ates cxamined by 
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STNOPSTS. _ 
Obſervatiot if there had been opportunity. (54) That aſſertions a= 
bour the Tight of Comers may not _—_— ſome further Confi- 
derations-and Obſervarions about —_— adde@, and ſome new day 4 
pounded. (5 5, 56.) Mr. Boyle's Mem concerning 2 Phoſphoros , wriz- 
ten for Rs , inſerted ; in which he firſt names the Author of 1t,and 
deſcribes his Apparatus. (57, T Then the obſervables. x. Two _ 

4 wrge 


fuls of marter enlighten a large glaſs ſphere, 2. A lictle eniighrens 
Cylinder. 3. hor ſhaken had a ſmoke and flaſht. 4. A dry ſubſtance at- 
firmed to have continued ſhining 2 years, flaſhed. ('59.) 5. Some duſt of 
this on a Carpet twinckled like Scars. Writing on paper with it ſhi'd, and 
fmelt of Sulphur and Onions. (60.) 7. The on which it was rubbed, 
ſhin'd, bur felt no heat. (5 1.) Ir fired Gun-powder firſt warm'd. (62.) And 
white paper held over coals.Orher tryals propounded,bur refuſed.(53. )Some 
Experiments made on the Phoſphoros Baldwin in vacuo,and in the open air, 
(64.) Preſerved in Yacuo, but deſtroyed in Air. (65, 66.) Monſieur Gel/et's 
Letrer to Monficur Caſſn;, acquaineing him with his Apparatus for obſerving 
© in ©. (67, 68.) His Obſervation of four ſpots.in ©. (69.) The particu- 
lars obſerved. (70. 71, 72.) Monfieur Caſſini's Refle&ions on theſe Obſerva- 
tions. (73, 74.) Mr. Hally's Letter to Sir Zonas Moore,conraining an account 
of his Obſervations of Þ ſub ſole, three Southern Stars. The two Nubecule, 
cc. (75,76,77-) Mr. Caſſsni's farther diſcoveries about the diurnal motion, 
and ſeveral new appearances 10 Þ, (78,79, $0.) 

A ſecond Diſcourſe called Microſcopium , or ſome new diſcoveries with 
Microſcopes, in a Letter of Mr. Lreuwenboeck. (81. 82.) A conficmarion of 
ſome of rhem by Obſervations here. (83.) Mr, Zteuwenboeck's ſecond Let- 
rer, containing Obſervations of the Globules of Blood, Milk, 'Flegm, Gums 
firſt diffalved, then precipitated our of the Spirit of Wine ; Ecls a thouſand 
rimes thinner than a hair. (84, 85, 86, 87, $8, 89.) The ways how theſe 
diſcoveries were made here. 1* By holding the liquor in [mal x ts , how 
filfd, how made. The Lamp, Pipe, Oyl, Manner, Materials for making them 
deſcribed. (89, 90.) Muſcovy-glaſs uſed inſtead of theſe Pipes , and how 
the Microſcope was fitted for this purpoſe. (91.) Whar light convenieuc. 
Surfaces of bodies nor perfe&ly fluid apt to delude an Obſerver. (92. ) Plates 
removing thar deluding cauſe, and what farther uſe of them. ('93.) How ro 
find rhe figure and texture of Animal and Vegetable . Inſtance in a li- 
gament of Beef. (94.) The figure of Muſcles hinted , and an inſtrument 
ſtrerching them before the Glaſs deſcribed. ( 95..) A deſcription of the Mi- 
croſcopes uſcd, 1, Of the fingle Microſcope , and its advantages and diff- 
culrtes, (96.) another ſort more eaſie deſcribed, and the ways howto make 
and. uſe jt explained. -(97.) Cauſes that vary the diſtance of obje&s from 
the Globule. The uſe of Selemres and -glaſs-plates, for holding rhe 
liquor. A Microſcope of one fingle refrafion. ( $98.) The only inconvemience 
of them hinted, how prevented by - double Microſcopes. Where theſe are 
made. ('99-) The double Microſcope, and its parts, uſes, and advantages 
deſcribed, (100.) The benefit of a dark Room, and appropriated lights. 
And a digretfion in anfwer to P. Cherudiaes Accuſation. ( 101.) Some Obſer- 
vations made with this Microſcope hinted. - Antmalcules in the ſteeping of 
other Grains beſides Pepper. Their ſmallneſs eſtiguated, and compared to a 
Whale, Muſcular fabrick hinted. Milk, Blood, Fat, Sugar, Allum, ec. view- 
cd. (102, 103.) Mr.Young's Letter of one who trying to cure a Colick by lea- 
den Pills, (hpt one into his Lungs ; grievous {ymproms enſue. ( 105. ) Helps 
of skilful 4% 0G in vainattempted; and partcularly of Dr. Mayow, of ſu(- 
pending with the head downward;though in the interim he married and had 
Children, yet it kill'd him. (106, 107. ), His body diflc&ed, and remarkables 
taken notice of, and cherr cauſes explained by Mr. Toung,(from'1 07:to 112.) 
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COMET A, 


Remarks about Comets. 


AN Seturday morning, April 21. 1677. 
= 1 firſt law the Comet, of which I 
& had been advertiſed the day before. 
E It appearedin the Sign Tawrw, be- 
= tweenthe baſe of the Triangle, and 
= the unformed Stars in the Cloud of 
& Arzs, dignified by P. Pardies, with 
the figure of the Flower-de-luce. = 
The head of it was in a right line, with the heart of "* 
Caſſaopee, and Alamak, or the South foot of Andromeda. : 
and as near as I could judge by my naked eye (having 
no Inſtrument or help by me) it was + of the diſtance 
between the feer and the Girdle of Axdromeda ,. diſtant 
from the ſaid ALzzak towards the South. 

Its tail ſometimes as the Air was clearer and darker, 
extended about three quarters of its diſtance from the 
aforeſaid Alamak, and pointed directly at the Star in the 
noſe of Caſſropea-ot the fourth Magnitude , and conſe- 
quently the head of the Comet pointed not directly at 
the Sun (the Sun then being about the eleventh degree 
of. Taurws) but rather towards the fourteenth degree of 
the ſame Sign.. Its appearance was very ſmall and lender, 
and as-people commonly gheſled,about two yards long; 
and the head about the. bigneſs of a. Star-of the firit 
magnitude,; but-of a much fainter, and duller light. Its 
blaze about three o'the clock enpdiep riſe ſtraight "ps 
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ward, before that abont half an hour after two it lean» 
ed a little Eaſtwards, or towards the right hand , and 
after three, as it roſe higher , inclined towards the left 
ſide or Weſtwards. The head to the naked eye was 
brighter than the blaze, and ſeemed to be fomewhat 
' bigger than that part of it whichimmediately joyn'd t© 
the head ; butthoſe parts of it which were farther di- 
ſtant, were of a much greater-breadth ; ſpreading wi- 
der and wider, as they were more remote from the 
head, and in the ſame proportion allo growing fainter 
and fainter m therr light eſpecially towards the out- 
lides : but the middle parts or wedul/2 appear'd much 
longer, and the brightneſs much greater , which made 
the whole blaze to feem to taper, or be pointed towards 
the top. 

The tength of the Blaze appeared ſometimes ſhor- 
ter, and ſometimes longer , by {everal vicifiitudes;' and 
as the day-break, or dawning increaſed ,, fo the Blaze 
———— and eſpecially towards the fides near the top, 


and ſhortly after before the Sun roſe, diſappeared. 


But notwithſtanding this ſhortmng and lengthening 
of the Blaze, T could not perceive any kind of motion 1n 
the parts of it, ſuch as is obſervable in flame, ſmoke, 
or other ſteams riling froma burning or hot body : bur 
the ſame parts of the Blaze ſeemed to appear and diſap- 
pear in their proper places as if they had been fixed and 
a {olid body. 

The firſt Figure I have here annexed wil with ſome 
fhort exphcations, 'repreſent the appearance of it to the 
eye, more plainly than by amulkitude of words, with- 
out it 'tis poſttble to expreſs. 

Gv/n 36am the head of the Comet, the middle of 
which appeared brighter than-any other part; about 
which was a hazy liphe domme like the fhinkn of a 
Star through a thin cloud ; the lower part of which: was 
pretty round and defined; B, the neck of it ,, which 
ſeemed to the naked- eye of leſs Diameter, and les. 
bright than the 'head , but through A 
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[3] 
ſhall mention by and by, it appeared bigger , thongh 
ſeemed to iffae from the Nacteas or Star in the middle 
of the head. C, the bruſhy parts which were fainter 
and pater towards the (ides, eſpecially nearer the top, 
which made the whole feem to taper and reſemble the 
Figure here ; Obſerving it with Teleſcopes (one 
of which was fifteen foot , and the other fix foot long) 
I found the ſhape of it much like this, which I have re- 
POR m the ſecond Figure. . 

It had a tzht Star (if T may fo call i} near 
the middle ihe beet or action the * roy 
neſs-of hþ when near the Horizon, and was about 25 
ſeconds in Diameter; asis repreſented by A , not per- 
teMy defined, but hazy ; the cloudy part or beard of 
the body encompalling it on all ſides: but that partof 
the Comes B, which was next towards the Sun, was the 
narroweſt: nor was this Coma well defined , but the 
outward parts of it were fainter and famter. However 
they were regularly enough terminated to make the out- 
wardmoſt bounds of it of a kind of Paraboheal figure; 
the moſt bent part of which was towards the Sun, 
and moſt defined : And the bright Star of it was, as [ 
have expreffed it about four of its Diameters di- 
{tant from the ſaid parabolical limb. The light parts of 
the ambient Cloud ſeemed to ſpread gradually towards 
that ſide of it, which was oppoſite to the Sun ; but thoſe 
which were next the middle were the brighteſt : and al- 
ways as they were farther and farther from the Star in 
the head, the fainter and paler they were. 

I could not obſerve any repreſentations like theſe 
which are givenus by Mr. Hevelivs, in his Cometogra- 

hy, neither in the Head, nor the Blaze , no more than 
I could in thofe which appeared in the years 1664. and 
1665. as may be eaſily taken notice of by comparing 
theſe which I have here delineated with thoſe. 

The middle part of the Blaze CC, which aſcended 
from the Star in the middle, ſeemed the brighecſt, wy 
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[4] 
of. this--redulla oriſtem, thoſe partswere brighteſt which 
were neareſt ſituated to the ſaid Star- The fides of -it 
grew fainter and fainter, as they were farther from the 
head ; and though they had brightneſs enough to make 
them appear in a dark and clear sky , yet the dawning 
quickly made them vaniſh, and diſappear , as did any 
hazineſs of the Sky : and according as tae light increa- 
fed, ſo was the Blaze diminiſhed, after the order of 
the tapering prickt lines expreſt in the third Figure by 
aaa, bbb, ccc, ddd, ec. and even in a clear and 
dark Sky, towards the fartherend of the Blaze they of- 
ten diſappeared for ſome ſhort ſpace of time., though 
the middle or ſtem continued ; and ſo i cauſed the re- 
maining appearance to reſemble the figure of a very 
{lender birchen whisk or bruſh, much like that repreſen- 
ted in the firſt figure. 

The 22. from half an hour after two, till half an hour 
after three, the North-eaſt part of the Heavens to me 
was cloudy, and the Sky between the'Clouds was ha- - 
Zy, and the dawning ſtruck much higher than the day 
before, ſo that I could not find it. 

The 23. with ſeveral friends I obſerved it again, the 
Sky being clear, and confirmed my ſelf in all my for- 
mer obſervations, taking again diligent notice of all 
circumſtances remarkable, both with my naked eye, and 
with Perſpective-glaſles. And IT had this morning a very . 
notable obſervation in order to meaſure the bigneſs of 
.the Star and its Coma which encompaſled it, by compa- 
ring it with, ſomewhat fixt : for ſome few minutes be- 
fore three of the Clock the head of it paſt juſt behind 
the type or top-polt of a tower not far diſtarit, and was 
quite ecliplcd by it ; and as ſoon as it appeared to have 
palt it, ſeeming yet contiguous, I obſerved x. with my 
11x toot Telelcope, and found the Coma or whole head 
to appear full as big as the ſaid type or timber poſt, and 
the Naclews or Star 1n the middle of it, to be very near 
of the ſame bigneſs of the iron ſpindle, upon which the 

weather-cock was fixt. Whence upon examining the 
7 bignels 
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| took notice this morning that it had much 
poſition in the Heavens, which it had upon Saturday 
morning, and that the Blaze of it was very much de- 
flected out of the line it appeared in the laſt time, And 
with a ſmall croſsſtaff,, x24 the diſtance of_it from 
Alamak, and from Genib,, in the left ſide of Perſexs. 1 : 
jagne! itto be in the mid-way between the Flower-de- | 
uce aforeſaid, and Algol, or Ts head of ' Meduſa, that 
is, about, 14. degree = x, and 1,7 degrees of Nor- 
thern =: Mol ſa cl judged i its motiog almoſt Eaſt, 
buta little deflecting South. I wasnot much (olicitous 
of making obſervations of its true place, as not de- 
ſigning my preſent enquiry to be for what kind of moti- 
an it had, conceiving its motion to be tqwards the Sun, 
and fo of very little duration : and e to hear 
anaccount of that from other places, and perſons that 
were better furniſhed with Inſtruments _ convenien- 
ces for obſervations of that kind than I was then. 

The Blaze extended it felf ina right line towardsthe 
Starin the right thighof Caſſzopea, being a Star of the 
third magnitude. Its length at firſt was about 7 or 8 
degrees, and did ſometimes ſeem longer , ſometimes 
ſhorter, as I noted before, without ſeeming to have any 
other motion 1n it but the Diurnal motian,the ſame with 
the fixt Stars on Earth. Whence 1 collected , that the 
head of it pointed towards. the ſeventeenth, degree of 
Tawss in the Ecliptick., though the Sun at that tune 
was about the thirteenth degree of the ſame Sign. _ 

The 24. with feveral others ,. I attended the appea- 
rance of it, but the Sky ig that part of the Heavens was 
over-caſt with Clouds.) _ . 

The 25. Iexpedted to have a farth rther Obſervation of 
it Combat an hour after.two, tilla quazter after four 3 
but notwithſtanding the South-eaſterly wind, ;and. the 


cartying quality of. the air, which beſire half an hour 
"WY: after. 


after'three had partly cartied off, and 
che black thick Clouds (with! which" the” 

parts of rhis Horizon was over-caft abopit: 

Cl6ck) and teft that part of the Heavens' -the Ce 
met fhould have appeared clear , and without Clonds; 
Yet the air being very high and heavy , arthe Batome- 
ter ſhewwed; the upper parts of it wereſo fled withrhe 
dawning Tight of x morning, that neither the Blaze 
head of Star of rhe Comet appeared tome in the leaſt; 
nor had Tany fight of it ſince. 

The like appearance of the great height of vapors in 
the air, when it is very, heavy, I haveoften taken no- 
tice of, and have 6blerved\, that the twy:light'and 
dawnitig berween the night, and appearing of theJin 
is very much altered thereby. And that a heavy atr, 
when the vapors are raiſed high , will make the len 
of them much greater,and contequently the night ſhort? 
er.” And # light air, on the contrary, ſhorting them, 
doth Tengthen the mghtt. 022N 

Theſe were the moſt remarkable circumſtances1 took 
notice of in this Comet, being altogether Phyficat, and 


defigned only for enquirng mto the conſtitution of theſe 
wonderfut bodies : the accounts and opinions we have 
hitherto had of them of that kind , being very unfati(- 
fatory. Though other Obſervations, to wit, Mathe- 
watical, of the way, celerity, and magnitude of Comets 
have been profecuted with yery much care, and great 
$kill; fuch as rhofe of the nable Then, and the learned 


and diigent Hevetius, infonnich that 1 could not expe& 
to have better; yet as to Phyſical remarks, I wanted 
much information to be able to fatisfie many difficulties 
that occurr'd to my thoughts, upon enquiry mto the 
particular natures of them. T $2 theretvte, as F de- 
Gened, employ all the. time I could ger of obſerving this 
| ak in taking notice ra circumſtances as I 
judged would be pertinent to reſolve any of thoſe Que- 
Ht -ontee'?, made, in otder to fnd out the nature 
of Comets in general. And though the little oppor- 

| tuni- 


- , yet ſince they may oſfibly fp for IO 00" 
that may hereafter have. bcttor oportunity thani; and 
that underſtand what material oby 
be made by obſervers from preceding/Camets, andrhat 
they- for the future more dibgently: take: notice 
of what fromtbeſe queries and-hims may bejudged ſig- 
nificant to this ror tg ſuch as they we: Linh 
liſhed as I had dane formerly by: my Leduresm'/(Gre-- 


hl ps which Lhad pa 1664. 


Coen I come macky Ker: ava u ok 
marks, I thought it might not be improper 20. 7a 
few of thoſe thmgs concerning thote 'wwo: former: Co-- 
mets obſerved by me intlic fard years. Iſay;1ome few, 
becauſe tt hes needleſs toſet downall., ef 
ſuch of mine as do agree with others ſince publiſbed:. 
I did therefore ſoon. after 1 had ſeen;the firſt Comet, to 
wit, December 23. 16564. propound- tomy (elf certain 
Queries necedary tobe anfwered,, rome 4 to: find out 
a-true:theory of them, and; dirediod: my Obſervations- 
agcardingly; and they were thele. 

OF what ſubſtance its body, beard, and blind and* 
next , of what magmtude-each of thoſe Parts: appear, 
and of what real quia they:are? 

Other Queries were concerningeits, denfiy: and; rari- 

ty, its mutability or «mmutabulity-3 that-3s,- whether it 
diiſplved: and waſtedior not ?; whether-it- were fluid or 
{olid-> whether it: participated of gravity or levity 2 

Whenee it had-1ts hight, colour, c*c. 

What was:the figure of the Star;Radiation,Blaze, Ge. 
Wiether the Blaze were always oppolite. tothe Sun, 
or defleded? whetherſtraightor bended; @c. - 

Whatikiad of motion it was carried 'with?- whenher 
zght-or bended line? - and if- bended , whether 
tar on other:curve, as elliptical or other cam- 
poun- - 


in a6 


. [9.3 | 
that.curve were turnedtowardsthe earth?” Whether in 
any of thoſe linesit moved equal or unequal ſpaces in 
equal times? | | 
Thi what parts of the univerſe it moved, and 
how far tit was at ſeveral times? Whether in the 
lower Regions-near the Earth-in the Atmoſphere, or 
near it, or in the Heavens, or fluid Xther, with which 
the ſpace of the Heavens 1s filled > Whether above or 
below the Moon, &c. 

Whether it waſts, and is diſperſed and conſumed ? or 
whether it laſts and endures for a longer time ? If it 
laſts, Whether it ever appears again , being moved 'in 
a cixcle;; or be carried clear away, and never appear a- 
gain, being moved in a ſtraight or paraboloendical line ? 
Whether it be colleed +or generated when it fir{t /ap- 
pears? and diflipated -or deſtroyed when it diſap- 
pearsz or whether the ſeveral diſtances of it do not 
make that appearance ? ' 

Whether It may not have ſome ſuch propriety, as the 
Star. in Cete, whereby it may ſhine and appear for a cer- 
tain period, and again loſe its light , and diſappear 
by ſeveral viciflitudes ?. and whether - that may not 
give ſome account of the appearance of ſo many Comets 
about Aries ? 

Firſt, As concerning the matter or ſubſtance of the Nyx- 
elews Star or body,of the hazy {hining part encompaſling 
It, andof the Tail or Blaze 4 I bay; that b conpliing 
all the; circumſtances that | was able to take notice of 
from the beginning to the end, I found that the Star in 
the head was of a very compacted and denſe light, and 
almoſt equalled that of Satwry; though it were not like 
that confined by an .cquablimb::* that there. were ſome 
parts diſtinguiſhable in this.body, ſome having a bright- 
er, others a fainter hight. That theſe parts. did” not 
continue the ſame, but con(iderably varied, which-might 
in-partbe cauſed by the difiering pofitiow of thoſe parts 
which were tctn before, :trofn!theſame feenafterwards, 

n 


23> © Ov Fr oO RT 
was Oo thi oi A 
—— Oz 


not 
only with the naked eye, but through a 'T if 
at leaſt the fixed! Stars beaboyeit , Tere pf 
doubt, that the IE by degrees towards 
the extremes of the hazy part encompaſſing it; and yer 
, the extremes of it as to: that -part of it which 
Qed the Sun, ſeemed pretty evenly and (meothly - 
fined, args through a Teleſcope :' Fram all which 
remarks, and from the velocity: of its motion, I con- 
jeture it to be made up of ſolid matter, not fluid; that 
the body of it efpecially , is ;canſiderably denſe, but 
that the hazineſs or Come about it is much more rarified, 
and the tai} thereof is moſt of all. That this body iscn- 
compatſed with abody moſt uid , and cafily permea- 
ble, and*which doth with very little refiſta ve- 
to the motion of it, 'or any other body g—_— 
that it doth ealily admit at leaſt (if not aCtually take in- 
to it ſe}f) the parts of this body, Come, and Blaze. I 
lay, admit at leaſt, (though there may be many reaſons 


al edged that it doth actually upon, and diſſolve 
thoſe parts into it (elf, as-I ſhall ſhew by and by) be- 


cauſe that we find that the extreme parts do extend but 
to ſuch a diſtance, and beyond that there is no appea- 
rance of light , and that the light is from it ſelf, and 
not produced by refraQtion or reflexion of the beams of 
the Sun,I ſhall ſhew reaſons by and by. And conſequent- 
ly ,where there is molt light appears,there are the gent 
eſt number , and there is the greateſt denſity of the 
Cometical parts. The __— of the body may my & 


- 


(I 
denſc'as thebody-of the earths and' I have not 'pbſer« 
bar oe age metric we body elſe that hath. raken 


tothe —_— TfÞ.could have 
f——_ CE res 


in its way, it 
world have vey who a very wnggrtarter7 Oar + wan: 6.lhw 
ef] heron alas col it-had been: takes} motive 
of with a'good Tel - What the" denſiry- of che in- 
nermoſt ate of this Earth we live of! 18, none'knows; 
= though we find the parts on) which we' tread to: be 
compa, and though by the induſtry of Miners it 
he been proved ſo alſo to'the depthof many hundred 
foot, as Georgiu#s Ag ricola relates: ardithough it-hath 
been found Sevens a'premer depth by the fourtdings 
of the bottoin'of den woes yer none cati bring an unde- 
niable proof that the ſame is ſo ſolid'to' 2 5 miles deep; 
much leſs that itis ſo to the center: 'if therefore the ex- 
ternal {hell of this Globe were broken, and'removed, 
'is'not -impoſſible bur'that the: middle parts thereof 
may be of thefame tiature- with the middle parts-of the 
Comets body 4 and that thoſe parts (wete' he ſuperfi- 
cial parts or "ſhel removed) might , like theſe of Co- 


= expand' themſelves into'the- e & ther; 

"we fmd; that notwithſta > compaſted- 

l of the ſuperficial parts 6f this Fa b yet the Ether 
1s able to'take up 1nto it ſeIf vaſt quantities of them, and 
to keep them ſuſpended-, ſome of them, -even to the 
height of many miles, .if any argument may be drawn 
from the height or- orlengrhef t of the -dwning or - Crepuſcu- 


Ium ; and __ 'the attration- of the 
Earth in its perfect vigor ,' or TG gravitation of theſe 
parts thus taken up, or their endetvout towards the 
ce -of rhe Earth. ' How" muth more'freely then 
might we ima ine the encom alling Zther to-prey u 

ON, and drong = into-it felt tha! meerhal arts) they 
were of a looſe and pervious texture, and almoſt in-a 
ſtate of fluidity, Ike a heap of Sand, or a veſiel of Ala- 
baſter-duſt in boyling, and were not ſo-firmly united 


by the bonds of gravity , and the vinculuze of petrita- 
ion, 


Ridn,- 2s we find the 


i ct 
beſuch a looſencſs vhs! cpeina bh. 
that is that' the mania virtue varies, which virtue 
without controyerke diffuſed through the whole fue 
of 'the PU: and Which hath a raatipnto the whole 
Globe,” aid to every Pe gs apron part thereof. For by 
obſervarion 'tis found, that the-magnetical virtue atts 
upon a needle without it, as EE ma virtue 'of 
2round Loadſtone” doth 'on a Needle ne without 
that, which, as I may dfewhere fhew,, hath a j 
the center of 'the' ſtone differin o from all 'the'r 
chat Authors have hitherto a 3 Jrhs it, Eel of 
bert, "Kepler, Kircher, Deſcartes, 'and our Country- 
man Mr. 'Bond, who 1 think was the firſt man that 
endeavoured to, reduce the' variations obferyed by 
Wright, Gellibrand, Coſter, 8c. into a Theory and calcu- 
lation. Now this virtue, (which may be cal- 
led one emanation of the Anime mundi, as gravity may 
be called another) being diffuſed through every part of 
it, and ſeeming to be , as it were Tote in toto &- 
yota in qualibet parte, and to be more ſpiritual, and 
to a&t more according to pigs and Myftcal Laws 
than Light, Sound, or the like, it. giving to rod 6 
netical body, and | every piece Ye the =, ire 
divided , the fame FE it hath it oh Ska: This 
magnetical yirtue, I (ay, ſuch a relation, and be- 
ing forced thus to vary, tis ; Tg probable that the in- 
ternal partsto which it bath a refpect, have a variation 
likewiſez. and = equently, that theſe internal parts 
which are ſuppoſe erally Age denſe, compatt, and 
very cloſely 27 797 y united, may be notwit] 
more looſe, and ununted, and movable from certain 


cauſes. 

To proceed therefore, I ſay, that it ſeems very 
bable to me,that the body of Chal may be of the Neve 
nature and conſtitution with that of the internal parts 


of the Earth, that theſe parts may , by the help of the 
GY Xther, 


J 


GE 


Mongibel or FEtna in Sicily , where the Fire continued. 
for a long time, and p ed very conſiderable cttetts.. 
That this internal agitation may confound the gravita-. 
ring principle, and + adau{.nxo tray voy free- 
dom to be diſſolved by the encompaſſing Xther, which, 
is the thar ſets the other two. at work. to. deſtroy. 
each other, that it may at length prey upon both.,, and. 
difſolve them both into it ſelt; and conſequently , not 
only the thus diſſolved are elevated to a greater 
diſtance _ the arr the notre f- or the 
ſa cies of it, whoſe gravitating or attractive princi- 
wx much deſtroyed , the EEO in this Comet 
four or five Diameters of the Star or Nacleas : but hay. 
ving given thoſe parts leave thus far to ramble, thegra- 
vitating principle of another body more potent atsup- 
on it, and makes ry mo to recede from, 
the center thereof, though really. they are but as it. 
were, left behind. the body of the Star, which is more. 

owerfully attracted than the minuter ng parts : 
or, Hu the gravitating power of the Sun m.the. 
center of this part of the Heaven in which we are,hath. 
an attractive power upon all the bodies of the Planets, 
and of the Earth that move about it, and that cach of 
thoſe again have a reſpett anſwerable, whereby they. 
may beſaid ta. attradt the Sun in the ſame manner as the 
Logd-ſtone hath to.Iron,and the Iron hath ta the Load- 
ſtone. I concerye alſo that this. attraQtive virtue may at 
bkewiſe goon _ other bodies that come within the 
cepter of 1ts ſphere of aftivity, thaugh 'tisnot improba- 
ble alſo but that as on ſome bodies it may have nd effect 
a all,, na mare than the Load-ſtone which as on Iron, 
bath upon a bar of Tin, Lead, Glaſs, Wood, &c. ſo on 
ether bodies, it may have a clean contrary effect, that 
is, of protruſion, thruſting off, or driving away., at 


we 


he appabn gen 


were 
dy may ceaſe to maintain its place in the Univerſe, 
where firſt it was placed.. Whence inſtead of continu- 
ing to-move round ſome central body, whether Sun or 
Planet, -as it did whilſt it maintained it (elf entire, and 
ſo had its magnetical quality (as I may fo call it) uncon- 
founded , it now leaves that circular way. and by its 
motion (which always tends to. a ſtraight line, and 
would be ſo were it not bended into a curve by the at- 
tractive virtue of the central body) it flies away from 
its former center by the Tangent _ to the 

where it was before this confuſion was cauſed in the 
body of it. In this line ('tis probable) it paſſes from 
one of the Heavens to another , A. ſo. paſſes 
— the ſpheres of the aQtivity of. multitudes of 
cen 

"tis not improbable that thoſe 


bodies;. in the paſling through which ſpheres, 
: wa . x" by thei diſſo- 
lution are made of a nature differing from the body.in . 
the center, are rather expelled from, than attracted to- 
wards it 3, and ſo being by this diſſolution rarified, and. 
looſened from the middle, and by their ating upon one 
another, and diſſolution of the Xther made of. another 
nature, after they have every way difperſed themſelves 
to a conſiderable diſtance from their proper body, are 
converted and driven in a way almoſt oppolite to that 
expelling body, and fo. continue to be driven away. 
to ſuch a vaſt diſtance, as to make out. that prodigious . 
length of the tail or Blaze of ſome. Comets (ſuch as. 
was that of 1618. which,as Kepler reports, was exten- 
ded to 70 degrees. from the bady.or head of it) till at. 
Laſt they are diſſolved alſo, and commixed with the. 
ther within them. So that though I ſuppoſe the at-- 


traqive power of the Sun, ar ather central body may: 
C 3 rave. 
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draw the body towards it, and fo'berid the motion of 
the Comet from the ſtreight line, in which 'it tends, in- 
toa kind of curve, whoſe concave part & towards the” 
Sun, by reaſon that there are ſome central parts of it, 
which are not yet deſtroyed, and ſo retam ſomewhatof 
Its gravitating principle: yet I conceive that all thoſe | 
parts of the Comet which are thus wrought upon by 
the other, and changed into another ſtate, and are ve- 
ry much rarified, and produce light, are of aclean con- 
trary nature, and recede from the center of the Sun : 
much after the ſame manner as we find any combuſtible - 
body with us; as Coal, ec. -where we find that the 
body of the Coal, before it be reſolv'd into ſmoke , is 
a very denſe, and very heavy body, and tends ro the 
center of the earth; but the parts thereof agitated by 
the Air and Zther into ſteams and ſmoke, and thoſe yet 
farther diſſolved into flame, do tend upwards, and from 
the center of the carth. Now though one cauſe of 
the receſs of flame from the center of the Earth be 
the gravity of the ambient Air. Yet 'tis not impoſlible, 
but that there may be ſomewhat alſo of poſitive levi- 
ty conjoyned therewith. Moſt certain tt 1s, that there 
muſt be a tendency of receding, as well as a tendency 
of approaching the center of the Earth , and other at- 
tracting body. And there may be much faid for the: 
ans Fa: that the receſs of the pureſt Ather, from 
the center, is the cauſe of the motion of the proffer 
ther, and of all other bodies towards it, though 
there are alſo very conſiderable arguments againſt 
it. But this diſcourſe is not my preſent bulineſs, though 
It may hereafter be the ſubject of a Lecturein this place; 
for upon it do depend ſome of the greateſt operations 
inthe univerſe. And as in the Hiſtory of the Creation, 
we havean account of the production of hght', imme- 
diately after the making of matter, which is a motion 
of receſs from the center of the ſhining body. Next 
that, a Firmament which divided between the waters or 
the fluids of the one, and the fluids of another part of 
the 
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- theworld. And in the third place, 'the colle&ions of 
reticular fluids to: one center ,- as the: center of the 
Earths: and laſtly, out of that colleftion of fluids ap- 
peared the ox and ſolid land. So I conceive the moſt 
proper way of. ſpeculating on theſe great produttions 
of the omnipotent Creator, may be to begin with the 
confidenation of light, or the motion of receſs from the 
center: of a body. Next, with the confideration of 
the cauſe of the feparating-of fluid from fluid, as A&- 
ther from Zther, as I may fo calldiffering Xthers; be- 
cauſe we have not yet diſtin&t names in uſe, and' the 
reaſon of their conglobation, the Fther from' the Air, 
the: Air from the Water, the Water from Quickſilver, 
Oy], or other fluid. Thirdly, the cauſe of the conglo- 
bating property of each of theſe fluids when ſepara-- 
ted , how they accept and embrace Homogezea, and 
reject or expel Heterogenea. And fourthly, how t 
condenſe and ſettle together, and produce a ſolid bo- 
dy.: whence proceeds.the confirmation of attra&ion or 
gravitation, &c. But to digreſs no further , but con- 
clude this part of enquiry in ſhort , I ſuppoſe the N#- 
cles or Star of the Comet may be much of the like na- 
ture with the central parts of the Earth, Moon, Mars, 
Tapiter, Saturn,-or other Planets , but much impaired. 
m its attractive or gravitating power. 
Next, that the Coma or Hazy Cloud about it, may be 
of the nature of the Armoſphereor Air about the Earth, 
or the Smoke or {teams about a heated or burning body, . 
before they arequite kindled, converted into Flame, or 
diflolved into the ambient Air. 

Thirdly, that the Tail or Blaze is muchof the nature 
of the parts of Flame, though with thoſe- differences I 
conceive, that the parts of theſe ſteams :are not ſo cloſe 
together, as arethoſe of Smoke : nor- doth the motion. 
obo, though much ſwifter upwards than'that of our 
Flame, ſerve to make them appear a- ſhining line; but 
being at that diſtance, they appear much ſlower to the | 
eye, and ſo diſcontinue the appearance; whence every 


ſhining” 
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ſhining particle appears only a ſhimng point, thongh-m 
the nd flame (where notwithſtanding the motion 
be much-ſlower, yet being nearer ; and ſo varying the 
poſitionto the eye much quicker) each of the'\ſhining 
parts __ an appearance of a1line of li aq ar] 
them pretty near together R E 
cs fluid flame; though that indeed 
be nothing but a great number of ſingle parcels of the 
burning body , raiſed up in the particles of Smoke. 
This will appear evident if we conſider the 
ces cafily to be taken notice of in light: for tis obv- 
ous from-multitudes of experiments, that any fhinng 
body, -as a candle or brands end , being moved very 
quick, makes the {ame impreſſion on the eye, that a line 
of light doth ſtanding ſtill : And as obvious atfo that 
any very light body incompaſled with a dark avedinns 
appears to the eye under an angle bigger than —_— = 
is, and a dark body encompalied wieh a light 
much leſs. This any one may preſently find, if he make 
a ſmall hole through a thin plate of metal , and holding 
itfirſt between the light and the eye , and ſo ſeeing the 
ig at appear through it, and then placing it & 1 ke 
is nothing but darkneſs appears through the ſaid: hole, 
for he will plainly perceive that the ſame hole will ap- 
pear much bigger in the former poſition than m the lat- 
ter. _ 1s account indeed each of the — 

of the Comet ſeems to fill and occupy a m 
greater ſpace than really it doth: and fo, as tis obſer- 
vable in the milky way, a great number of theſe ſmall 
ſhining bodies though diſperſed at a pretty diſtance one 
from another, yet by reaſon of the imperceptibleneſs of 
each of them they all ſeem to coaleſce into a ſtream or 
Blaze of light, the brightneſs of which 1s yet farther 
augmented by a clear and unenlightened air, and by 
fucha part of the Heaven wherein there appears feweſt 
of the'Stars, whether they be greater or leifer. 


— , <>—- a Ig ao—_ 


R To 


nm 


C17 ] EE ge; 
Tothe Query,Of what wagwityde the Body, Coma,ond 
Blaze of Comets may be?No anſwer can be given until an- 
other queſtion be firſt anſwered; and that is,What 3s the 
place of Comets,aud what is their diſtance from the Earth ? 
It was the opinion of moſt Modern Writers before 
Tycho Brahe and Kepler (T know divers of the Antients 
thought otherwiſe) that Comets were ſublunary Me- 
teors, drawn up into the higher Regions of the Air, 
and there ſet on fire, and fo continued burning till the 
Meteor were conſumed ; and as the matter increaſed, 
or waſted , ſo did the appearance of the Comet., But 
this noble Dare , and ſeveral others about that time 
found by accurate obſervations made, that its Parallax 
was leſs than that of the Moon; and conſequently, 
that it was farther diſtant from the earth : that it muſt 
be a body of another magnitude, and nature, than moſt 
before that time had imagined; and therefore that it 
ought to be otherwiſe thought of than the generality 
of mankind believed concerning it. Many had been 
the attempts of former Writers concerning them , to 
find out their parallax ; and whether from their unac- 
curate in{truments, or from their leſs skill and dili 
in uſing them, or from an imagination of the ſolidity, 
and unpenetrability of the Catleſtial Orbs, or from er- 
rorin their calculations,or from comparingObſeryations 
made at diſtant places, one or both whereof were un- 
accurate, or from a prepoſſeſſion of Tradition or com- 
mon Fame, or from what other cauſe ſoever it were is 
uncertain ; but 'twas generally concluded by them, 
that all Comets were tublunary Meteors : and there 
ate not even at this day wanting ſome of the ſame 
opinion, though for what reaſon I know not. 'Twill be 
hard to convince ſome of theſe, that the opinion they 
have hitherto recerved for good, is not ſo, becauſe they 
will hardly give themſelves the trouble of examining 
ſtrictly into the matter : And to underſtand the nature 
of Parallaxes , and how ſignificant they are in deter- 
mining the diſtances of bodies from the ſurface of the 
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vations, and _ EX wo and 

fary, they fi very little. Ir is not my 

rae hag, xr Parallax is , that I would ſuppoſe 
my Reader tounderſtand ; otherwiſe there can be no 
reafon ſhewn him to convmce him that 'tis poſſible to- 
prove that this or that Comet was not nearer than fo 
many femidiameters of the Earth, nor farther off than 
fo many. There are then two ways, by which we may 
come to fore certamty of what diftance a Comet is; and: 
thoſe are, firft rhe Parallax of ts Drarnal motron, orits. 
Parallax caufed by the Diurnal motionofthe Earth, And: 
ſecondly, the Parallax of its proper motion compared 
with the Periodick or Annual motion of the Earth. The 
firſt of theſe may be obſerved two ways; either by two- 
Obfervers at parts of the Earth very far diſtant from 
cach other, but as near as may be underthe fame Mert-. 
dian : as fuppoſe the one tn London, the other m St. He- 
lens ; both confpiring m their obſerving of the place 
of the Comet amongftt the fix'd Stars at the fame time. 


Or ſecondly, by one Obſerver in theſame place, by ob- 
ſerving the place of it amongft the fix'd Stars, in its ri- 
[mg -or ſetting, and m _— or if it may be, its. 


greateſt height : The noble Tzcho by very accurate 
Obfervations of the Parallax , proves the Comet 
of 1577. to be above the Moon. Kepler by his 
own Obfervations proves that of 1607. at its begin- 
ning to be four times farther diſtanmt;and I doubt not but 
ſome 1 hyadng been above forty times farther.But I do. 
not d thatany Obſervations have accurately de- 

termined that which'is indeed the great help by which 
we are inabled to judge of the nature , and all the 04 
ther accidents and proprietres of Comets. The Ariſto- 
telian Pbrloſophy for a long time prevailing, made the 
world bcheve themto be nothing but Exhalations from 
the Earth, drawn up into the higher Regions of the Air. 
But Ty ho by his Obſervations of their Parallax, raiſes 


them 
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-them out of that confinement, but yer he ſcemsto place 
them in am Orb about the Sum Burt Kepler frees them 
from that confinement , and aſligns them the Univerſe 
to'expatiate in. But none of all thefe do accurately 
py the true daftance of them, their Parallax being 
| forthe moſt part fo very ſmall, that I fear Inſtruments 
with common lights will hardly reach them.” But we 
mult expedt from future obſervations made with Tele- 
ical Inftroments to receive a certain Anſwer to this 
Query. Certain I am, that the Comet which began 
to appear in November 1664. and difappear'd in March 
following, was far removed beyond the diſtance aflign- 
ed by Zioke. For by my own Obſervations divers 
times » I could not find any ſenfible Parallax, 


though I endeavoured by a new method to make my 
Obſervations more accurate. Now thongh I had not 
the convenience of making uſe of a Quadrant, or any 
ſuch Inſtrument, to obſerve its place when near the Ho- 
rizon, yet the way { toak, would, I think, beas good ; 
which was this : With a very {ix foot Perfpective- 
glaſs or Teleſcope, I obſerved the place of the Comer, 


m reſpet of the adjacent fmall Stars, as ſoon as it ap- 
peared, and fo traced its way till it diſappeared m- the 
vapors of the Horizon: the like I did feveral other 
days ſucceſſively, taking notice by what d , in 
what times it made 1ts progreſs, to ſee whether by its 
Parallax, when near the Horizon, it would have been 
depreft below that line of its motion , which it kept, 
when at a greater height above it. But though I tried 
this ſeveral times, yet | was not able to diſtern that the 
Parallax of it cauſed either any fenfible bending of the 
line,or any ſenſible inequality in its progreſs, by which I 
ſhould have ſooner found it,than by taking its altitudes 
with common Inſtruments:though [I theſe Obſer- 
vations were made when the motion of the Comet was 
ſlow, and conſequently , when in probability it was 
far diſtant from the earth. To me there feems no doubt 


but that it was a long way removed above the Moon 
D 2 when 
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when-I made theſe Obſervations : for had it been of an- 
equal diſtance with that they allow the Moon, it muſt 
this way have manifeſted a very ſenſible Parallax of di- 
vers minutes: but whereas I could not certainly diſtin- 

uiſh any ſenſible at all, it muſt be many times higher 
_ the Moon. Now that this way is abundantly to 
be preferred before an Obſervation made with a Qua- 
drant for thetaking of its altitude , is pretty evident; 
becauſe, by this means the greateſt- part of the irregu- 
Jarity., cauſed by the refratton or infledtion of the Air 
1s removed 3, for by this. means, though the Parallax be 
very large, yet the refration'or inflection of the Air 
will not amount to many ſeconds, both the objetts be- 
ing almoſt equally raiſed by refraction, eſpecialty when 
5 Or 10 degrees high ; nearer than which-the (mall Stars 
vaniſhed out of ſight by the thickneſs. of-our air. Tt 
follows therefore that a. Semidiameter of the Earth 
muſt be a very inconliderable meaſure in its diſtance. 
This part therefore of the Theory of Comets hath 
been much defective hitherto. If we enquire the 
Parallax of them from the Obſervation of divers men 
made in differing places. we ſhall find them-ſo differi 
one from another, that there is great reaſontoſuſj 
them all; Nay, not only fo, but in this Comet of 1664: 
by comparing two Tables or Charts of the Stars, and 
Conſtellations of that part of the Heavens, through 
which the Comet paſt , on which was alfo markt out 
its way and place from day today, both of them Prin- 
ted from Copper Plates, I find that ſtrange errors and 
miſtakes may be created, notwithſtanding all the Au- 
thors.care and accurateneſs poſhble,from the careleſneſs 
or neglect of the Graver: This. I noted in the. two 
Tables of the learned and accurate Mathematician; 
P. FEgidins Franciſcus de Gotignies, (whoſe $kill-and 
care from other works of his and other Obſervations of 
'this Comet I am ſufficiently aſſured of ) and found 
that by the firſt table upon the 3+ of December, 1664. it 


Was 
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was itt 4; of T in Longitude, and in 33; of Southern 
Latitude 3 but by the ſecond it is placed at the ſame 
time in 4* Tf for its Longitude, and in 34+ of South La- 
titude. And this error is not only committed in the 
place of the Comet, but alſo in the place of the fix'd 
Stars : for Riget inthe firſt Table is placed in 30; South 
Latitnde, and in 123 Z for Longitude, but in the ſe- 
cond 1n 312 South Latitude, and in 11 + Z for Longi- 
tude : both which differ conſiderably from the place 
of it afhigned by Riccioli and Grimaldi; according to 
whoſe Obſervations it ſhould be in 31. 11' South La- 
titude, and 12%. 11. 40”. I in Longitude. 

Now if there betheſe differences to be remarked in 
the Obſervations of one, we cannot but expe&-that 
much more. diſagreement. ſhould be found between 
thoſe which have been made by differing perſons in dif- 
fering places, and with diftering ways, and differing 
Inſtruments. And upon examination I have found it no 
better :. for from comparing ſuch. Obſervations as I 
havereceived from ſeveral parts of the world, even of 
thoſe which have ſeemed more than ordinarily exa&, I 
find them for the moſt part ſo unaccurate, that though 
they- ſufficiently manifeſt that the Comet of 1664. 
which laſted above four months, was viſible in moſt 
parts of the world, and ſeen to. paſs in all thoſe places 
pretty near in the ſame way among(t the fixed Stars. 
Yet they are ſo far from manifeſting the Parallax, that 
ſome of them make the place of the Comet to be quite 
contrary to what Parallax would make it ; ſomeof the 
Southern Obſervators placing it much more South- 
wardly than thoſe of the. North. Others indeed of 
them make the Parallax ſo great, that one might gheſs- 
it to be not ſo far removed fromthe Earth.Somethivg 
indeed mthe general m__ begheſt of the, way of that 
Comet amongſt the fix'd Stars, eſpecially when it ap-: 
proaches them pretty near: but for exaneſs of Calcula- 
tion for Parallax, they were no way uſeful. And even. 
D 3 14 
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in the former uſe too it ſeems very doubtful for com- 
paring the Charts of the Comets way amongſt the fix'd 
Stars publiſhed by that diligent and unweaned Obſer- 
ver Mr. Hevelizs of Dantzick, the above-mentioned 
P. Gottignies, Profeſſor at Rome , and Monheur Petit 
of Paris, I find, that the two former make the way of 
the Comet to lie below the Star in the Bill of Corus; 
whereas the later, though in a Latitude interpoſed be- 
tween the parallels of the former , makes 1c to lie a- 
bove, or to the North of it : and with him ſome 
Obſervations which I have ſeen of Monſieur Hagenzae. 
Other differences I found between thoſe Tables 1n the 
way of the Comet of 64. near the middle of its arch 
wherein Monſieur Hevelizs all the way places it more 
Southward than either Monſieur Petit , or P. Gottig- 

nies: for whereas both P. Gottignies, and Mounſicur 
Petit makeit paſs above the Star of the third 
tude in the right ſhoulder of Lepws, Monſieur Heve- 
lizs makes it move below it,which ſeem to be aſcribable 
to Parallax. ButlI fear much cannot be concluded of 
certainty from them. | 

I ſhall not trouble the Reader with a multitude of 
other Hiſtories, which I have received concerning that 
Comet of 64. nor with the diſagreements of them one 
with another , and perhaps of moſt with the truth. 
They have given me ſufficient trouble in the examinati- 
onof them, having little other benefit from them, ſave 
only this , that I was thereby informed what a man 
might think of a great number of Aſtronomical Obſer- 
vations that have made : for,ſaving the exact Ob- 
ſervations of ſome few ſuch, as Mr. Hevel:#s, Mr. Auront, 
P. Gottignies, &c. truly diligent and accurate men, 
the greater the ColleGions of Obſervations are, the 
more trouble and difficulty is created to the Examiner ; 
they not only confounding one another , but perplex- 
10g thoſe alſo which are real and perfetQ. 

Now the reaſons or cauſes of theſe inconveniences 
ſcem to be theſe. 
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Firſt, the want of accurate and knowing: Obſerva- 
tors. 

Secondly, The ſcarcity of convenient Inſtruments. 

Thirdly, The Imperfecion of the Tables of the fix'd 
Stars. 

For the Obſervators, 'tis not enough to know how 
to manage an inſtrument, or to have a good eye, or a 
dextrous and ſteady hand ; but with theſe there mult 
be joyned a skilfulnefs in the theorical and ſpeculative 
part, and add to all a love and delight in the thing it 
elf; and even all theſe will ſignifie but little, withour - 
convenient and accurate Inſtruments, fach as may be 
eaſily manageable and ſufficiently exact. 

The firſt of theſe the love of the findy being in 1t 
ſelf the moſt excellent, or the encouragement of Prin- 
ces, Noblemen, and other Patrons of this Learning 
mult procure : and where both of theſe concur, thence 
moſtis to be expected, and moſt fruit hath hitherto 
been proceeded; though there are not wanting divers 
eminent inſtances where the firſt reaſon hath been the 
only inducement. | 

As to the ſecond, T have already in ſome of my for- 
mer Lectures deſcribed ſeveral convenient ones for 
theſe purpoſes; and therefore I ſhall not here add any 
more concerning it. 

But asto the third , I hope the indefatigable labour / 
and skill of Monſieur Hevelizs wilk-(hortly ſupply the - 
preſent defe&, though it had been much .to be with'd, 
that the Inſtruments he had made ule of had been fitted 
with Teleſcopical ſight Theſe Tables , if well done, 
will alone (as to the bufineſs of Comets at leaſt) ſupply 
the place of all other Inſtraments almoſt, ſave only a - 
thread, eſpecially if they be fo delineated in Fables at- 
ter the Tangent projection, as that the minutes of eve- 
ry degree may be very diſtinguiſhable, which will not 
{welt the Maps of the Heavens into an extraordinary 
large volume, and may poſhbly be the cheapeſt la{tru-- 
ment for this purpoſe an Aſtronomer can be —_— 
wathal :.. 
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-withal; for having fuch a volume of Tables, it will be 
very eafic with a thread and one's eye, ſcreen'd only 
with a ſpectacle made of athin plate of Braſs, with a 
ſma}l hole through it, inſtead of a glaſs, to obſerve what 
place the Comet poſleſſeth among(t the fixt Stars: for 
having by the help of the ſaid thread obſerved what 
ewo Stars lie in-the ſame line with the Comet on one 
fide of it, and what other two Stars lie ina line with 
it, which is at right angles (as near as may be) with the 
former line, by finding out thoſe four Stars in the Ta- 
bles , ordered according to the Tangent projection, 
and with a Ruler, drawing lines over them reſpettive- 
ly, where thoſe lines do interſe&, there will be the true 
place of the Comet, from which it will not be difficult 
to find ont-the true Longitude and Latitude of it by a 
SeQor with Tangents. Now as theſe Tables of all the 
fixt Stars viſibleto the naked eye,would ſerve for find- 
ing its place whilſt very big and ſwift of motion; ſfothe 
like Tables of the ſmall Teleſcopical Stars that lie near 
its way, whenalmoſt diſappearing , and moving very 
flow, will by the help of a _ of meaſuring Compal- 
ſes placed within the eye-glaſs of the Teleſcope, and a 
ſtraight line or hair drawn crols it, ſerve to find the true 
motion and way. of it, when only viſible; with a Tele- 
ſcope : according to which method I madethe annexed 
Schemes, and Obſervations of the laſt appearances of 
the Comet. 

Now finceneither from my own,nor from any other 
Obſervations that I have hitherto met with , there can 
be any certain concluſion drawn,of the diſtance of theſe 
Comets, ſave only this, that their diſtance was very 
great, and much higher than the body of the Moon, 
becauſe elfe there muſt have been a confiderable Pa- 
rallax cauſed by the Diurnal motion. The next enqui- 
ry will be, what other ways there are of knowing its 
diſtance. Now though none could be more demonſtra- 
tive than the Parallax found this way by the Diurnal 
motiog, yet there are ſome other which ſeem more eafie 

ariſing 
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ariſing from the conſideration.of the motions that may 
be thought to be concern'd in the producing the appea- 
rances. And though they be wholly hypothetical, and 
ſoneed ſome other arguments to prove the ground and. 
principles on which they are founded, - yet ſince there 
are not very many : conſiderable ones wanting to 
make them probable and rational, I ſhall here add 
ſomewhat of my inquines after the diſtance, poſition, 
motion, magnitude, ec. of theſe Comets by theſe 
means. 

Of theſe ways there are ſeveral depending upon ſe- 
veral fuppoſitions which produce very differing effedts, 
as to the magnitude, diſtance, motion, and way of the 
ſame Comet. 


The ſuppoſitionsare theſe : 
Either that the Earth moves in an annual orb about 


the Sun, as the Sun is ſuppoſed by others to move 
about the Earth : Or that the Earth 1s perfectly fix'd, 
and hath no ſuch motion. 

Next, that the Comet moves either 1n a ſtraightline, 
or in a curve line ; and the curve 1s either a cirde, or 
ſome other regular or irregular curve. 

Further that the motionof the Comets in theſe lines 
1s either by equal or unequal ſpaces mn equal times. 

Now according as we take this, or thole of theſedif- 
fering ſuppolitions, and compound them together , {o 
will the produd ofthem be (trangely differing. Amongſt 
the great variety of compoſitions of theſe principles or 
ſuppolitions, theſe ſeem the moſt fimple, and conſe- 
quently being any otherwiſe proved , will beſt deter- 
mine the true diſtance and way of the Comet. 

Firſt, To ſuppoſethe EartiPto ſtand ſtill, and the 
Comet to move equal {paces in equal zimes 1n a circle. 

Secondly, To tuppoſe the Earth to move in an an- 
nual Orb about the Sun , and the Comet to move 


through the Zther or Exparſum, equal ſpaces in equal 


times 1n a (traight line. 


Thirdly, To ſuppoſe the Earth to move (as above) 
9 in 
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in its annual Orb, and the Comet alfo to moye equal 
ſpaces in equal times m a circle. 

The other are mdeterminate and infinite, and no- 
thing can be conclnded' from them as to the diſtance, 
magnitude, motion , cc. of Comets; for the line or 
way of the Comet may be placed at any diftance, if we 
will ſuppoſeit moved in an uncertain curve, with une- 

nal degreesof velocity : And indeed, upon a ſuppo- 
fl of an inequality of motion, nothing of its way or 
diſtance can by any of theſe ſuppoſittons be found our. 
This fault had that of Tychs Bake, where he ſuppoſed 
an unequal motron of it m! its'Orb' abonr the Orb of 
Venus, which was forrded wpon the firft +! Agxrdinh 
but had introduced into it ſome inequality of motion ; 
beſides his own ſuppoſition, that it was moved about 
the Sun, and the Sun abour the Earth. See the fifth 
Figure. Keplers wy , which was after the ſecond 
Hypothefis, had the ſame fault; for he fyppoſed rhe 


annual motion of the Earth , and the motion of the 
Comet in a ſtraight line , bur introduces an accelera- 
tion of motion in the Tangent towards the latter 


end. 
The third way Þ have here taken, and from the beſt 


obſervation I could meet with, I have dehneated its re- 
ſpeds or angles to the Sun: and accordingly ſuppoling 
it to moveequal ſpacesin equal times, 1n a curve which 
for ſo much of it as the Comet was obſerved to paſs 
was very near a Circle, I fotnd this Circle would fall as 
[tis expreſs'd in the ſeventh Figure, where 'tis obvious 
totake notice, that when the Comet was nearel[t to 
the Earth, namely, abqut the 19. or 20. of December, 
that it was notnearer than an eleventh part ofthe di- 
ſtance of the Sung that on the 23, it was twice as far, 
that on the 29. 1t was four times as far ; that on the 15. 
of January it was as far as the Sun , and on the 14. of 
February 1t was above twice as far diſtant as the Sun, 
That this way or Orb of the Cometis here bended fo 
as (if it were an entire Circle;) one part of it would 
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gownhout the OQrh of Jupiter , as: the other; which is 
here delineated pag the Orb of the Earth ; 
that the phain:of- chis Qub 1s inclined tothe plain of the 
Ecliptick about 18 derecs, that if from ſeveral parts 
this Orb perpendiculars he ler fall upon the Plainof the 
Ecliptick, thoſe perpendiculars ſhall fall in an Ellipſis, 

t whereof ſhallfall within the Orb of the Earth in 
4, and'the oppolite, without the Orb! of g in. That 
the Comet movesAa Sextant of this Orb in about 130 
days, and conſequently if its motion ſhould continue 
the ſame in ſucha Circle, it would appear about Fe- 
bruary, March, or April, 1667. but being fo far remo- 
'ved towards the South Pole, will here hardly be cen : 
but by thoſe that hive towards the South, tt.may appear 
to have ſome:ſuch motion by the South Pole, as that 
of 1618. had by the North. And 'tis notimpoſlible, 
but that the Comet of 1618. might be the fame with 
this, af we ſuppoſe the Nades of it:to. bave a motion 
contrary to thegrder of Signs: and-that the fame Node 
which 1n this Comet, according to this ſuppoſition was 
in 2, was then about 7 or 7 : but theſe as conjettures 
[ ſhall not infiſt on, becauſe neither in this, nor in that 
have we Obſervations ſuthciently accurate to build 
any Theory upon. Now though upon thele ſuppokiti- 
ons the motion and appearances of the Comet Em to 
be very regularly , and very naturally made out , yet 
tis not the only Hypotheſis for that defign: nor do I 
believe it ſo evident a demonſtration for that end , as 
ſome would ſuppoſe ;- though for other reaſons I am 
apt enough to think that opinion of the Earths motion 
very probable : but the motionof this Comet is ſo well 
made out, by the contrary ſuppoſition, that I think it 
may be alledged fora greater argument againſt the mo- 
tion of the Earth, than for 1t : for if we only grant 
one of the former poſtulate , namely, that the body of 
the Comet is moved equal ſpaces in equal times, and a 
quite contrary poſtulatum to the former ; namely, that 


the Earth remains fix'd as to an annual motion, we may 
E 2 firſd 
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find all the obſervations of this Comet , eſpecially the 
moſt accyrate of them, to happen ſo, that the Comer 
being ſuppoſed tebe moved m1 a great' Circle , whoſe 
convex. ſide isturned towards tife Earth, whoſe center 
s extended towardsthe fix'd X m & 5 and whoſe Semi- 
diameter is about ſix{core times the neareſt diſtance of 
the Comet from the Earth, and the Comet be ſuppoſed 
to be moved very near equal ſpaces in equal times, 
we ſhall find, Ifay , all the appearances moſt exattly 
folved , and indeed much more exattly than by the 
other ſuppoſition I was able to find any ; for by this 
ſuppoſition both the magnitude, tongitude, latitude,re- 
trogradation, ſtation, and direqion of the Comet is 
molt exaGtly made out as any one might have found 
that ſhould have by this means examined with me the 
obſervations I have hitherto either made or met with : 
and indeed all the Obſervations hitherto have ſo well 
anſwered this Hypotheſis, that F do- almoſt promiſe my 
{elf to be able to fee this Comet a month or fix weeks 
hence, after the Sun has paſt by it ; if by its exceeding 
elongation 1t be not quite grown out of ſight , as it 1s 
now indeed already fo exceeding dim, and faint, that it 
cannot be ſeen without a very good glaſs, which will 
endure an exceeding big aperture : nor could I theſe 
two laſt nights perceive it, though the Air were clear ; 
but the reaſon I attribute to its nearneſs to a fixed 
*Xof Y : This Hypotheſis is explained in the ſeventh 
Figure- By this ſuppoſition the return of the Comet 
will be much longer, and the time of ſeeing of it much 
more uncertain ; becauſe the curvature is to little that 
the making the circle a twentieth , or a ſixteenth part 
bigger or leſs, does not much alter the regularity ; 
whence 'tis exceeding dithcult, unleſs we had much 
more accurate Obſervations than I have hitherto met 
with , to determine exactly the bigneſs of the circle, 
and conſequently the time of the return. And by this 
ſuppoſition the Comet may be ſuppoſed either nearer 
or farther from the Earth at any diſtance, which is not 
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contradicted by a Diurnal Parallax ; that is, it may be 
ſuppoſed either above Satzrr, or below the Moon, or 
in any place between ; by ſuppoſing only , that 
the farther the neareſt part of the Circle 1s diſtant from 
the Earth , the greater muſt that Circle be , and the 
ſwifter the motion of the Comet in it : to prove which 
affirmation. let in the Eighth figure A be the Earth, BCD 
the Orb of the Comet ſuppoſed very near the Earth, 
and E F G the Orb of it ſuppoſed at a greater diſtance : 
let H be the center of B CD, and TIotE FG, and let 
AC, betoCH,as AF, to FI, all the lines drawn from 
the point A, fo as to cut the Circles BCD and EFG, 
ſhall divide thoſe Circles EF G, and B CD, into fimi- 
lar ſegments: as let ABE be a line drawn cutting 
thoſe Circles in Band E: I ſay, the Arch B C ſhall be 
ſimilar to E F. In which Hypotheſis if we have - 
ther with the place of the Comet when ikaiey: the 

lace of it when in its greateſt celerity, perige, or the 
places of it when of the ſame celerity on each fide of 
1ts perige, we have from thence the gom_ of the 
Radius of its Orb to the perigean diſtance, and conſe- 
quently all the other diſtances, - the line in which it ap- 
pears when ſtationary, being the Tangent to the Circle 
in which it moves, as ABE, to which a Perpendicular 
raiſed at BBE, and produced till it cut the line AC, 
(produced) at H HI, it gives the Center of its Orb 
HHI, and the proportions of the lines AB, AC, BH 
— HC, orof AE, AF, EI=FI, the Angle BAC, 
being given by obſervation. So that by this Hypo- 
theſis the Phanomena of the motion and bigneſs of 
the Comet will be ſolved, though ſuppoſed of any 
diſtance. Nor are theſe the only Hypotheſes by which 
the hitherto obſerv'd Phznomena may beſolv'd : for if 
we will admit an unequa] motion, fuch as is now gran- 
ted toall the Planets: and if further we will admit it 
to be moved in an Elleiplis, or other fuch like curve, 
there may be divers other Hypotheſes that will ſolve the 
Phanomena 3; ſo that the Comet may be _—_ to - 
E 3 ave 


£39] 

have no motion at all as to Longitude, but ofly as to 
Latitude : that is, it may be ſuppoſed to be moved in 
anElleipfis, deſcribed ina plam which fhall beat right 

es with the plain of the Echiptick , and the ways 
of theEarth in it : it may be ſuppoſed alſo to have been 
mov'd dire&, according to the order of the ſigns, that 
is, to have been firſt about Gemzzz, in reſpeCt of the Sun, 
and to be nowin ſome part of Leo: And it isnot unpot- 
ſible to ſolve the phznomena of its FSA or proper 
motion, though it be ſuppoſed not fo high as the Moon, 
and that the motionof the Earth paſitng by it did real- 
ly alter its motions, had there:not been-madeſome Ob- 
ſervations about the Parallax of it, which prove: it 
higher : ſo that according to this or that Hypotheſis 
which we take, the time of its return, if permanent, 
| will be longer or ſooner. 

And theſe Hypotheſes may be fo various, that till re- 
ulated by very exatObſervation of the Parallax, 'tis 
not to behoped that the appearance of a Comet can be 
certainly predifted: SothatI fear the prophetick ſay- 
ing of Seneca, Erit qui demonſtret aliquendo in quibus 
Comete partibss errent,cur tame ſeduG#i 2 ceteris eant,quanti 
qualeſque fart, will hardly be verified at this time by the 
help of thisprefent Comet. Though1ntruth-Ecannot find 
by the examination of ſeveral of them, but that they all 
ſeem to promiſe very fairly a return of it: for all the 
CalculationsI have hitherto made of its motion, ſeem 
to caſt itinto a circular, and nat a into ſtraight line, as 
Kepler ſuppoſed; ' and 1ndged > Pr examining even 
Keplers own Calculations of thoſe Comets which he 
obſerved, and has endeavoured'to make to move in a 
ſtraight line , I cannot find that any of them will be 
found to move equally in ſuch a line: but to folve the 
appearances, he1s fain to make them move inſuch ſup- 
poſed ſtraightlines,by a ine of Tangents,that'is,tomake 
. the motion of Comets accelerated the further they are 
moved ; all which Phaxnomena may be very eaſily 


lolved by ſuppoſing them to have moved equal fpaces 
in 
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ma curveor circle. The phyſical reafon indeed ſeems 
pretty difficeit, by what means it ſhould be confin'd 
or bound ſoastomove ina Circle : but this is no more 
than is uſually fappoſed in all the Planets, and with- - 
out ſuppofmg a kind of gravitation throughout the 
whole Vorttce or Cehw of the Sun, by which the 
Planets areattraded, or have a tendency towards the 
Sun, as terreftrial bodies have towards the center of 
the Earth. TI cannot tmagm how their various moti- 
ons can with atiy-fatisfattion be imagined, but that be- 
ing granted (for which had I now tune, I could alledg 
many reafons, and may doit hereafter on another occa- 
ſion) not only the reaſon of all the irregular motion of 
the Planets may be eafily found , but the reaſon 
alſo of the ſtrange and various motions of the Comets. 
The reafon why its Beard is for the moſt part oppoſite 
to the Sun , which was another Query , of which I 
have already faid ſomewhat of my ſuppoſitions, and 
ſhall now add, that the brighter ſpot or kernel in the 
middle did feem to be fome kind of body, which 
though it be not actually burnt, may yet by the en- 
compaſiing fluid Zther be diffoived and waſted, and 
chal difſolved parts may aſcend upwards, or from the 
center of the Sun, (which ſeems indeed to be the cen- 
ter of gravitation throughout the whole ſyſteme of it.) 
Toilluftrate which explication, I could produce feve- 
ral experiments which would make a perfect repreſen- 
tation of the phznomena of the body , and beard of 
the Comet : I ſhall only inſtance in one. Take a very 
clear long Cylindrical Glaſs, which may hold about a 
quartof water ; fill it three quarters full with water, 
and put into it a quarter of a pound of Oyl of Vitriol, 
and 1n the midft of this ſuſpend by a ſmall filver wire, 
2 ſmall wax-ball, rould in filings of iron or ſteel, and 
you may plzinly obſerve a perfe& repreſentation of the 
Head.Halo.and Beard of the Comet ; for the menſtruun: 
falling on,or diffolving the iron, there is a continual erup- 


tion of ſmall bubbles,and diflolv'd particles from -_ _=— 
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fides of this body z andafter the eruption. they all af- 
cend al ag the center of the carth.z for being 
of a much lighter confiſtence than the anbient liquor, 
they are by the greater gravity of that ,: continually 
protruded upwards. The ſame appearance 'may be 
made with any kind of wenfiranm, and a- convenient 
diſſoluble body ſuſpended init ; ſo that.if. we ſuppoſe 
the Zther he omewhat analogous to a wen : 
and that there is a gravitation towards the center of 
the Sun, if the Naclew or head of the Comet be ſup- 
poſed ſuch a difſoluble ſubſtance, the phznomena of 
the ſhape of the Comet may, I think, be rationally ex- 
olilned, ' Now that the Zther may have ſuch a kind 
of propriety, ſeems tome to be argued from this, that 
the Air about the Earth ſeems to owe its original to it, 
it being only a diſſolution of terreſtrial bodies into the 
Ather, the Ether being the principal fluid body, and 
greateſt part of this diflolution; and the ſubſtanceof the 
Air,ſome very few. and ſmall faline and earthy particles : 
of which elſewhere. By this Hypotheſis the phanomena 
of the Comet may be ſolved ; for hence 'tis cafie to 
deduce the reaſon why the Beard grows broader and 
broader, and fainter and fainter towards the top: why 
there is a Halo about the body ; for this will appear 
clearly in the experiment : why the Beard becomes a 
little defleted from the body of the Sun; for if the 
diſſolving Ball be by the wire mov'd either this way or 
* that way, the ariſing ſtream or bubbles will bend the 
contrary : and to countenance this ſuppoſition, both 
in thoſe Comets obſerved by Tycho, Kepler, and alfo in 
this laſt the beard was contrary tothe motion ; ſo that 
the head or body going faſter , ſeemed to leave the 
beard or tail ſomewhat behind : by this ſuppoſition alſo 
twill be calic to explicate why the Tana 1s ſometime 
bended, and not (ſtraight, and why it is ſometimes 
brighter upon one {ide than upon another ? why the 
bottom of it is more round , and the other ſides more 
undefin'd ; and divers of the like phzxnomena., Againſt 
this 


parts, and yet laſt ſo long as this has al- 


[' has done, al 
won Len IO en 71 
newly g y receive a degree 
of m_ In anſwer to which, I ſay, 'tisnot impoſſ- 
ble but that the body of it may be asold as the world, 
and that it may have then received its firſt determina- 
tion, or lawsof motion, and may have.ever ſince p' 
ſerved them, that it may have been all this meat io 
diſſolution,and yet not be quite waſted;zand that it may 
continue yet for many ages before it be quite diſſolved 
into the Zther. And to make this probable, divers 
experiments and reaſons might be alledged , as that of 
diſſolution madeon-them by the fire: the flownels alſo 
of the diflolution of multitudes of bodies in aenftraums, 
And 1 have already ſhewn how ſmall a quantity of dil- 
ſolved particles will be ableto make as great a ſhew of 
light : that, the motien of the Sane 5. ſtream 
or beard being but flow, there needs no very. quick 
ſupply of other parts. We ſec alſo into what a vaſt 
quantity of ſmoke a ſmall parcel of a combuſtible body 
may be turn'd. Fromall which particulars, 'tis not un- 
likely but that the Comet may be a body moved with 
a regular circular or elliptical motion as the- Planets 
are, that it may be a body of ſuch a conſtitution , as 
that the fluid Zther through which it paſles, may diſ- 
ſolve it much after the manner as a me: 35 (ſuch as 
Aquafortis Spirit of Niter,Gc. ) does a difſeluble body ; 
| car Cardio; may be a (low, but continual 
eruption of ſomewhat © parts, which may b 
their diſſolution afford a wa, quantity of light — 
make as great an £2 pry as any of the Comets, that 
this ſtream or beard may by the reſiſtance of the Ether 


be a-little deflected back wards in the ſam- manner as an 
aſcending ſtream of ſmoke "2 by the refiſtance of 


the 
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the Air, if the burningbody be mov'd this or that way 
through it, that the body of the Comet may be both as 
ancient and aslaſting as the world ; and that this which 
has lately appeared may have appeared heretofore, and 
may likewiſe hereafter appear again ; that 'tis probable 
the neareſt diſtance of it was much greater-than that of 
the Moon, that the leagth of its Beard was longer than 
its diſtance from the Earth, and conſequently ſeveral 
times longer than the diſtance between the Earth and 
the Moon 3 that its viſible way among the Stars was 
very differing from a great circle , eſpecially towards 
cheletter end, when it became retrograde ; that its way 
through the Ether could not be ſuppoſed equal in a 
ſtraight line, though it might be ſuppoſed equal in a 
curve or circle, that the exa&t way of it could not 
be certainly determined by the beſt ObſervartionsT have 
yet metwith; and that therefore the beſt help we have 
to gheſs of its way and diſtance, is by its manner of mo- 
ving, 'as to appearance among the fixed Stars, which I 
have already thewn to be explicable by various Hy- 
potheſes : for both the Earth and Comet may be ſup- 
poſed to be moved, either both one way, or contrary 
ways, or croſs ways , the Earth may be ſuppoſed to 
_ ſtill, and the Comet only to be moved, and the 

tke. 

Theſe Requiſites therefore being hitherto T— 
m the Obſervations I have met with of this Comet, all 
that can be faid of it will at beſt be but conjectural and 

pothetical ; fince nothing can be reaſonably built 
upon thoſe Obſervations where the truth of them is du- 
bious ; wanting therefore ſound materials to work upon 
m this Comet, I had recourſe to the Obſervations of 
the noble Dane Tzcho Brabe, being ſufficiently ſatished 
both of the ability, induſtry, and veracity of thatex- 
cellent Author, who left nothing unattempted for the 
perfeing of ſuch Obſervations as ſeem'd to him requt- 
fite for the compleating a Hiſtory of that Comet which 


appeared in 1577. And from thoſe Obfervations of his 
I 
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[ endeavoured totrace” the way of it according to ſe- 
veral hypotheſes ; and found, rhat fuppofing the Earth 
not to be moved with an annual 'motion, but only: a 
diurnal about its own Axis, the way of Comets will tall 
in a line very near approaching the nature of a circle, 
though neither into an exact circle, noran exatt ellipſe ; 
and fore ſeems 1rregular, and not at all probable. 
Again, ſup g 1t moved about the Sun, as Tycho has 
done, we from his Calculation of tt, he was fain 
to allow it a quicker and (lower motion in its Orbit, to 
ſolve the Phznomena, which ſeems to me but a ſhift, 
that will ſerve to help out any lame H efis what- 
ſoever: And that granted , and the Parallax of the 
Comet unknown, 1 will undertake very ecafily to make 
out almoſt any Hypotheſis, which is the fault alſo of 
Mr. Horox his Hypotheſis, wherein he fuppoſes the 
Earth to be moved about the Sun, and the Comet like 
a Rocket to be ſhot out of the Sun, and by degrees to 
return to it again ; in which Hypothefis mdeed there 
ſeems to be much more reaſon for aninequality of mo- 
tion, though not in the manner as he has placed it ; 
'twas very rational that the motion of it at firſt, if caſt 
out of the Sun, ſhould be very ſwift 3 but then it ought 
likewiſe to have accelerated its motion in the ſame 
manner in its return back to it again, which it does not 
in his Hypotheſis ; for a ſtoneor any other heavy 
ing ſhot up into the Air, does make its return bac 

again to the Earth, almoſt by the ſame degrees of velo- 
city, by whichit aſcended from it: almoſt , I fay, be- 
cauſe the reſiſtance of the Air does fo far impede the 
motion of the body through it , that 1t never ſuffers it 
to acquire the fame degree of velocity with which it 
was firſt ſhot upward. This 1s ſufficiently evident from 
a Pendulum, which if it be thrown upwards, and be 
ſuffered to return back, it will never rife again on the 
oppolite (ide to an equal height, with that it deſcended 
from, on that fide towards which it was thromn: but 


beſides, in his Hypothefis he ſeems to take no notice e- 
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all of the Latitude of the Comet, which ſeemed to 
carry it much farther off from the Sun, when he ſup- 
poſes it to be returning nearer. And indeed u 
the whole his Hypotheſis ſeems rather a produtt of 
chance than of any contrivance. For he in endea- 
vouring to ſet oft the Longitude of rhe Comet ac- 
cording to Tyeho's Tables, and to trace its way by 
ſuppoſing the Earths annual motion, making uſe al- 
ways of the ſame Radius to ſet off the aſpect, or ap- 
. parent angle of it with the Sun, his line of Chords he 
made uſe of did always direct the point of his Compal- 
ſes to the place where he fituates the Comet , as may 
be ealily found by examining the ninth figure ; where 
you may find that he places the Comet always equally 
diſtant from the Earth, and that diſtance 1s always 
equal to the diſtance of the Sun, which has ſo many in- 
conveniencies and improbabilities, that I ſhall not 1n- 
fiſt farther on it 3 eſpecially fince I do not find that he 
beſtowed any farther pains -in explicating or cultiva- 
ting this his Hypotheſis, than only the bare delineati- 
on of this ninth figure. But to return to Tycho's Hy- 
pothelis, 1f that be true, why did not the Comet 
again appear after a certain ſpace of time ? and why 
could- not he have foretold when it ſhould again ap- 
pear, as well as he could predid& the appearance of 
Venws, about whoſe Orb he ſuppoſes it to circulate ? 
[ (hall paſs by ſeveral other very material objCtions 
that mjght be made againſt that his ſuppoſition, becauſe 
many of them mightbe made alſo againſt his Hypothe- 
fis of the Heavens in general, which I ſhall the rather 
omit, becauſe I do-not ftnd he has many followers in 
that ſuppoſition 3 the generality of Aſtronomers em- 
bracingrather the Copernican Syltem , eſpecially. as it is 
refined and. rectified by the ingenious Kepler. 

Laſtly, I endeavoured to trace the way of the Co- 
met from Tycho's Tables, according to K, eplers Hypo- 
theſis ; which was, that the appearances of the mo- 
tion of. the Comet were aſcribable to two cauſes ; 


namely, 
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,the motion of the Earth about the Sun in its 
zl Orbit, and the motion of the Comet in a ſtraight 
line, not accelerated according to the proportion of the 
increaſe of Tarigents 5 but upon ſuppoſition that it 
mov'd equal ſpaces in equal times : (for I cannot imagine 
what reaſon he had to ſuppoſe its motion to be accele- 
rated, and much leſs why he ſhould aflert it to be ac- 
cording to the proportion of Tangents, which in a lit- 
tle time muſt neceſſarily come to move infinitely ſwitt : 
than which nothing is more hard to be granted.) And 
I- found it after many trials and eflays to fall in a 
ſtraight line, iclining to the plain of the Ecliptick by 
anangle of 47.40. and cutting it in 9 degrees of Scorpia; 
if computed out of theSun, and moved faſter by halt 
than the Earth in its Orb ; and this to fo great an ex- 
aneſs to anſwer all the Obſervations of Tychs,; that 
froma very large Scheme which I drew of it ona plain, 
I could never find many minutes difference ; fo that F 
concluded that to be the moſt likely Hypotheſis for 
that Comet, it ſeeming to ſolve all the ſeveral Phano- 
mena of the motion _ magnitude of the Comet, with 
the leaſt imaginable difficulty , and to be moſt agree- 
able with my phyſicalnotions of Comets: For, firſt it 
only ſuppoſes a ſolid body moved in a fluid, with an 
almoſt dire& motion. I ſay, almoſt dire, becauſe for 
ſome phylical reaſons, as I have ſaid before, I imagine 
it not exactly ſtraight, but infleced alittle towards the 
curvity of acircle, which I ſhall prefently endeavour 
to explain farther in this Comet. Next, it fuppoſes that 
body to move in that hne almoſt equal ſpacesin equal 
times ; I ſay, almoſt equal, becaufe ſome of thoſe equal 
ſpaces may be increaſed by an accelerating cauſe or 
principle, ſuch as that of a gravitation towards the bo-- 
dy of the Sun, placed in the center of its Vortice or 
Syſtem , when the motion of the Comet carries it to- 
wards the Sun, and may be diminiſh'd from other impe- 
ding cauſes, ſuch as the impediment of the fluid me- 
dium through which it ga 25 the attraction of -_ 
3 un. 
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Sun operating on it when its motion carries it farther 
and farther off from it : beſides, 'tis not unlikely, but 
that the attraftion of the Earth, or ſome of the other 
Planets may have ſome kind of influence on it, efpeci- 
ally,when its line of Direction does ſomewhat nearer 
approach thoſe attrative points. But the defleCtion 
' from a ſtraightline is always ſo much the leſs by how 
much the ſwifter the body 1s moved, and by how much 
the farther off its line of trajection 1s perpendicularly 
diſtant from thoſe attracting bodies. According to 
this ſuppoſition of mine, I have endeavoured to make 
out all the appearances of this laſt Comet, taken no- 
tice of in the beſt obſervations I have yet met with, 
amongſt which I find no one of the Parallax fatisfaQo- 
ry, as inthe tenth figure, let S repreſent the Sun, OR B, 
the Orb of the Earth, ACDEF, a bended or curve 
line in which the Comet 1s ſuppoſed to move : the 
Comet then coming into the Sphere of the attractive 
power of the Sun,» by the (trajght line P AG, at A, the 
power of the Sun worketh on it, and by degrees at- 
tratting it towards its own Center by that time the 
Comet hath moved to C, the attrachve power hath de- 
fleced its dire& courſe from ÞP A G, to CH, and fo the 
Comer would continue to move 1n that ſtraight line 
CH, but it is (till defleted fo, that at D, it movesto- 
wards I, but the gravitation of the Sun attracting it, 
defledts it from that line towards E, and fo fromE to F, 
when it begins again to Jet out of the attractive beams 
of the Sun, and fo it will continue to proceed, as if it 
had come to that point by the live MF L, the reaſon 
of which is the great velocity of theſe bodies, which are 
generally much ſwifter in their motions than the Earth 
or other Planets are ſuppoſed to be, in theirs. We 
muſtſeek out ſome other way therefore of finding of 
the diſtance of Comets than the commonly uſed : I thall 
therefore ſomewhat further explain the contrivance I 
newly invented for this purpoſe, by which not 


only the Parallax of the Comet but of the Pla- 
nets 
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nets alſo may be found with great facility and ex- 
I « ws 
Having a large Teleſco epared (as TI former! 
direted —_ Eyoghi —_ ot taking in = 
Angle of about two degrees at once, and furniſhed 
with a dividing Scale, obſerve wher- the motion: of 
the Comet or Planets is not too faſt, the poſition and 
diſtances of the ſmall fixed Stars which are next ad- 
joyning to the moved body whoſe Parallax you would 
tind z of theſe {mall fixed Stars you ſhall ſeldom mils a 
ſuthctent number, which will be taken into the glaſs 
at once, 1f atleaſt the objet-glaſs be allowed a very 
large aperture; and having found ſuch Stars as will be 
convenient for your purpole, be very diligent in taking, 
by the help of the dividing Scale, the exa& diftange 
of them one from an other, and when the body is high- 
e[t above the Horizon, viz. inor near the Meridian, 
by the ſame means take the exact diſtance of it from 
two or three of the neareſt and moſt conſpicuous fixt 
Stars about it, and by the help of a plumb-line, hung 
likewife within the cell, near the dividing Ruler, find 
exattly the poſitions of all thoſe bodies you take no- 
tice of to the Perpendicular or Horizon, which may be 
ealily enough done, if together with a Plumb-line or 
Perpendicular plac'd within the glaſs you have alfo a 
finall Diagonal thred faſtned to a ring, whoſe circum- 
ference is divided into 360 degrees,and moveable ſo as 
by the finger cafily to be turnd any way, by which 
means this Diagonal thred may be made to croſs over 
any two of the bodies you obſerve, and by obſerving 
what diviſion of this divided limb the Perpendicular 
cuts, it will be eaſie to determine the exact , polttion 
of thoſe Stars to the Horizon; this ſame may be 
done by the dividing Scale alſo, if that be fixt in a 
divided Circle which is movable, in the ſame manner 
as the thred is ſuppoſed to be. This Obſervation, with 
all other circumſtances of it is likewiſe to be repeated 
at the ſetting or riſing of the Planet or Comet, and a- 
gain 
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gain the next night when it comes to the Merifian, 
and in each of thoſe obſervations the exact time is to 
be noted by a time-keeper, and the altitude by fome of 
thoſe I have before deſcribed, for by comparing theſe 
three obſervations together it will be very eaſie to find 
what irregularity in its motion is aſcribable to its Paral- 
lax. And this will be ſo much the cafier becauſe the 
examination and reduction of it may be done (with as 

reat exaCtneſs as the obſervation can be made,) by the 
help only of Ruler and Compalſles, for all the diſtan- 
ces will be ſet off by equal diviſions of ſtraight lines, 
the line alſo of the periodick motion, whether of the 
Comet or Planet, eſpecially if the obſervations be made 
when the body is near an oppoſition with the Sun, 
which- is much the beſt time, will be with ſufficient ex- 
actneſs taken for a ſtraight line, and the motion in 
that line may be ſuppoſed by equal ſpaces in equal 
times; for the difference between the Tangents of the 
centeſms of a degree to two degrees 1s not increaſed 
much more then 2; that is not a quarter of a centeſm 
of the hundredth part of a degree, which 1s much more 
exaCt than I fear our obſervations will ever be. 

Another way of finding the Parallax may be by the 
help of exact obſervations made by ſeveral perſons at 
the ſame time, 1n places much differing m Latitude, 
though as near as may be under the fame Meridian 
( becauſe of ſaving the trouble of Calculation, and for 
being aflured that the obſervations were both made 
exaCtly at the ſame time) each perſon by-the help of ve- 
ry long Teleſcopes obſerving the exatt diſtance of the 
body from the ſmall ftixt Stars next adjoyning. 

A third way of finding the Parallax of Comets is 
wholly new, and though hypothetical (as ſuppoſing _ 
the annual motion of the Earth, and the motion of 
the Comet 1n a right line through equal ſpaces in equal 
times) yet tis founded upon a Problem in Geometry 
(invented by the incomparable Mathematician, Do&or 
C. Wren) which is truly noble and wholly new, and 
though 
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thaugh it had 'been of no uſe in Aſtronomy, deſerves 
none of the meaneſt places in Geometry, by the help 
of which Cwhich 1s ' much more than either of the 
other ways is capable of) one gay eaſily find the 
true parallax. of the Comet, from any four exa& 
obſervations of it, made at differing times in the ſame 

ce : Nor does 1t require fo nice and accurate Inſtru- 
ments and Obſervators as are altogether neceſſary in 
the other ways. The Problem as I received it, is this. 


Problema. 


Datis quatuor lineis utcunque dudis (quarum mec tres 
ſunt = ele neque ab eodem punGo due) quintam ducere 
que primo datis in tres partes ſecetur ratione 
& poſitione datas. 

Sint in Figuris 13, 14, 15, 16,17, & 18, quatuor reFe 
ADC,BEC,AE, BD, produ&e verſus Ky, o, M, opor- 
tet quintem ducerent K M, que ſecetur a primo datis in ſeg- 
wenta KN, NO,O M, ſecundum datas rationes R, S, T. 
Fiat ut R ad $, T, ſimul ſumptas itaC D,ad C F. Rorſus 
ut Tad S,R, ſimul ſumptas, ita EC, ad CG, duds auters 
AGHBFH, 4 mutua interſetione H, ducantur Hy K, 
Ho M, parallele nimirum lineis AC, BC, que medie inter- 
jacent inter extremas, B D, 4 E. Denique inter punGa ex- 
tremarum KM, ducatur Refa ſecans medias in NO. Dico 

ſeementa KN, NO, OM, eſein Data ratione RST. 

Pnoniam F D, parallela eſt iph H K, ergo ut C D, ad 
C F, ita K V2 ad %L H, "Oh quUOniam ” N, parallela eſt ip(t 
HM, ergo, ut Ky ad y H, ita K N, ad NM, ergout 
KN, adNM,itaCD,uadCF; jed C D, ad CF, eſs ut 
R ad S,T, ſimul ſumptas, ergo K N, eſt ad NM, ut R, 
ad ST, L ſumptas. Similiter quoniam E CG, parallela 
eſt ipſs M H,.& oO, ip HK, demonſtratur MO, 
eſſe adO K, ut Tad S,R, (imul ſumptas. Quare tres 

N, NO, O M, erunt ad invicew ut R,S, T, ergo duci- 
tur linea K M, cujus tria ſegmenta 2 quatuor linejs datis 


intercepta ſunt in data Ratione R,S,T, & ſervata qui- 
4 G acts 
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dem - =: froe rationum ordine R,S,T, quod evet 
UM. 


facien 
From the invention of which Problem "twill be 
to 


very eafie by any four obſervations Graphically 
deſcribe, or Geometrically to calculate the true di- 
ſtance of the line #f the trajefion of the Comet, 
and conſequently to anſwer all thoſe queſtions that can 
be demanded concerning the bigneſs of the body and 
head,and concerning chebignek and length of the blaze, 
and concerning the diſtance of it from the Earthin eve- 
ry part of its way when it was neareſt the Earth, when 
neareſt the Sun, where it cuts the Plain of the Ecliptick, 
ſeen from -the Sun, and where ſeen from the Earth, 
with what Angle it was inclined tothe faid Plam, how 
ſwift the motion was, that is, what length it paſied, in 
what time, when it muſt appear Stationary,when Retro» 
grade, when diſappear, and the like. 

According to this method I received at the ſame 
rime,( whilſt it yet appeared very viſible to the Eye, and 
was not Retrograde, ) the way of the firſt Comet de- 
lineated by the ſaid perſon, which did very near ſolve 
all the appearances preceding and ſubſequent, which 
I have therefore here annexed in the Table expreffed in 
the 19.20.and 21. figures, where in the 19. is delineated 
the Place of the Sun in the Center of the Circle Y, N, 
D,I, =, which repreſents the annual Orb of the Earth 
about the Sun, the points between N and D repreſent 
the places of the Earth in that Orbit in the days of 
November, and the lines drawn from-them to the points 
in the ſtraight line, repreſent the lines in which the 
Comet appeared 1n reſped to the Sun ; in hike'manner 
the points between D and I, the places of the Earth 
in December, and the lines drawn from them to the 
ſtraight line, 'as before the viſible places of the Comet 
at thoſe times, &c. The 20. figure repreſents ſingly 
the ſeveral Longitudes of the Comet at ſeveral times 
ſeen from the Earth. And the 21. repreſents the ſe- 


veral Latitudes, at the ſeveral times, together with the 
ue 
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true diſtances of the Comet at thoſetimes, both which 
are made out of the 19. figure, where E at the end of 
the hne ents the Center of the Earth, from which 
to the figures in the prickt curve-line, are the true di- 
ſtances of the Comet,the Perpendiculars from thoſe fi- 
gures to the line E C are the figns of the Latitude of 
the Comet from the plane of the EcliptickE C, the 
atoreſaid diſtances being made the Radii. 

Now though according to my former Delineation 
the Comet ſeemed to take a circuit, as if it would 
within three years return to its former poſition, yet I 
am not wholly convinced that it moves in a circle or 
Ellipſe, but I rather incline to the incomparable Kep- 
leys opinion, that its natural motion tends towards a 
ſtraight line, though in ſome other ſuppoſitions I dif- 
fer from him. 

As firſt that the Comet perſeveres exactly in a 
ſtraight line. Secondly, that after it has paſt 1ts Pe- 
rige it accelerates its motion in proportion to Tangents 

equal Angles. Thirdly, that it either is extinguiſhe 
diſſipated, broken in pieces, or burnt out into aſhes. 
Fourthly, that it receives all its light from the Sun. 
Fifthly, -that if the blaze were not made by the beams 
of the Sun paſſing through the head of the Comer, 
and fo carrying the parts along with them, the blaze 
would badbe oppoſite to the Sun. Sixthly, that the 
cauſe of the bending of the blaze « the refraction of 
the Suns raics m the body, and their being bent by 
the Zther as with a wind (which 1s the opinionthat the 
ious Deſcartes follows alſo.) To theſe I cannot 
conſent, and I have many objections to ſeveral other 
of his opinions concerning this matter , which would 
be too tedious to infert ; only I ſhall add, that 
having traced ſeveral of the Comets according to the 
beft obſervations I could get, I found it very difhcult 
to make their motion fall in a ſtraightline, unleſs it be 
granted that their motions are really accelerated and 


retarded in that line, which ſeems not ſo probable, at 
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leaft not" in thoſe parts of their tranſit where' he places 
them. - And particularly by tracing the way of this 
Comet of 1664. it is very evident that either the ob- 
(ervations are falſe, or its appearances cannot be ſolved 
by that ſuppoſition, without ſuppoſing the way of it 
a little incurvated by the attrattive power of the Sun, 
through whole ſyſtem it was paſhng, though 1t were 
not wholly ſtayed and circumflected into a Circle, as 
Lhave already mentioned. 

That it is not extinguiſht or quite burnt out, when 1t 
ceaſes to-appear, I argue from this, that I wasable to ſee 
it witha Teleſcope above a month after it diſappeared 
to. the naked Eye, as may be ſeen by the obſervations I 
have annext in Fg.4. and had not the cloudy weather 
and the light of the Moon, and nearneſs of the Crepuſcu- 
lum hindred, I fuppofe I might have ſcen it much longer, 
as-F'am apt to believe the gyeat one in 1619. mighthave 
been ſeen ſeveral months longer, if it had been diſigent- 
ly followed with Teleſcopes, it diſappearing 1n ſuch a 
part of the Heavens as might have been ſeen every clear 
might between the Crepuſculum and Dawning. - 

Nor can I ſuppoſe it to. receive all its light from 
the Sun, fince if it would follow, that: the Nacleas 
1m the head, would have a dark ſhadow oppoſite to 
the Sun, the contrary of which has always been ob- 
ſerved. Nor can I well underſtand that the Sun 
beams are like a ſtream of water, carrying the parts of 
the Comet along with them ſo as to make its blaze, 
{ince no ſuch effect is found'of them here with us upon 
the-Earth:Nor how they ſhould come to be bended like 
ſmoke, ſince we obſerve no ſuch property of lightina 
uniform medium, ſuch as in probability the Zther is. 

Theſe were my-. thoughts about thoſe Comets 
which. appeared 12 1664. and 1665, which I have 
found in ſeveral-looſe papers of Lecures, read in 
we penny of 1665. And 1 have not had the op- 
portunity of making many obſervations ſince, cor- 
ccrning Comets, ſave theſe two laſt, in which I had 

not 
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not-the convenience of obſerving any thing. certain 
concerning its motion or*Parallax. And therefore I 
applyed my ſelf to mark as near as I could the true fi- 
gure of it, through a ſix foot Teleſcope, and to take 
notice of as many circumſtances as the ſhort time I had 
would permit, which though they were very ſhort and 
tranſitory obſervations, and I wanted time to repeat 
them ſo often as I could have deſired, yet even from 
them I was ſufficiently ſatisfied, that I had reaſon te 
adhere to my former conjecture, that the Ugh of the 
Comet did not depend wholly from the refle&ion of 
the Sun beams, from the parts thereof, but rather from 
its own light, for upon well confidering of the formof 
this Comet, I manifeſtly ſaw that the middle of the. 
blaze was brighter than the (ide parts thereof, and 
eſpecially that part which was immediatly oppoſite to 
the Sun, was the brighteſt of all, which would have 
been otherwiſe it the light had depended wholly from 
the deflection of the rays of the Sun, for one might 
rationally conclude that tte Nucleas or Star in the mid- 
dle, which reflected fo great a quantity of light ſhould 
have cauſed a darkneſs 1n the parts behind it, as we ſee 
all ſtrong reflecting bodies do, and conſequently that 
the middle part of the ſtream or blaze, eſpecially that 
which was next the body ſhould not have been fo. 
bright as thoſe other parts to which the light of the 
Sun had a more free acceſs, unleſs it may be ſaid that 
evenjthe Star it ſelf, though it ſeem ſo bright, is.not- 
with(tanding not ſo Denſe, but that it admits rays e- 
nough to paſs through it unreflected,. to inlighten the 
arts behind. it. But this ſcems not fo likely, ſince be 
the body of-the Star ſuppoſed a thouſand times thinner 
than a Cloud (which yet tis hard to ſuppoſe, fince it 
gives ſo conſiderable a reflection, yet ut Deng in all 
probability ten thouſand times bigger in bulk, the rays 
1n paſting through ſo great a bulk, muſt needs meet 
with more obſtruction than in the thinneſt Cloud, 
and yet we find that there is no Cloud fo thin, butcaſlts 
Q 3 ſhadow. - 
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ſhadow oppoſite to the Sun, and therefore in probab+- 
lity this would do the hke, but I diligently abſerved 
that there was no ſuch appearance. here, butthe cog- 
trary, that is, that where the ſhadow ſhould have been, 
Da in probe {rad depend upon fanretter 
ſe in ability it di upon er 
—_ than a * fiction of light. 

Tt is a hard matter to afftign the particular cauſe of 
its light, but it ſeems from theſe circumſtances to be 
very probable that it was (in part at leaſt ) from its own 
nature, whether that might be ſomewhat of that of 
the Sun and Stars, or of that of our fire, or of that 
of decaying fiſh, rotten wood, glow-worms, &c. or 
of that the Ignis Fatuus, at Land or Sea, or 
like that of Sea-water, or a Diamond, or hke that of 
the falling meteors, or Star-ſhoots, it will be very hard 
to me, unleſs one had a much greater ſtock of 
obſervations to build upon. . But it may poſhbly be 
ſomewhat of the nature of them all, though it agree 
not in all particulars LY one of them. All theſe 
ways that I have named ſeenung to a in one parti- 
vr and that is an internal motion Frhe arts which 
ſhine, whether that motion be cauſed by fome exter- 
nal menſtruum — it as in fire, and Ipnes fatui, 
or anexternal motion, ſtroke, or impulſe as in a Dia- 
mond, Sea-water, and pofhbly ſome Ignes fatui, or 
from the parts of the bodies working and diſſolving one 
another,as in decaying fi{b, rotten wood, glow-worms, 
or whether it be ſaſceptible of a much more ſubtil 
impulſe, even from light it ſelf, as the Bomorian ſtone, 
ms Bladwines Phſophorns,which feems to be fo harmo- 
nious (as ] may; ſo ſpeak) to the motion of light, that 
a new motion 1s thereby raifed in it, and continues 
for ſome time to move of it ſelf after the impulſe or 
influence ceaſes, not much unlike the uniſon ſtring, 
or other ſounding body, which in Muſick receivesa tre- 
mulation and ſound from the motion and ſound of 
the uniſon body, or ſtring that is ſtruck. 

To 
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To me It ſeems moſt probable that the and 
parts of the Comet are in a Nate of dillon a 
that difſolution be cauſed by the parts of the 
thr which it paſles, after the manner as a Torch 
is diflolved by the air, or whether by the internal 
working of the conſtituent” parts one upon the other, 
as in Gun-powder,ſhining Fiſh and rotten Wood, I can- 
not determine; but I rather gueſs it to be in ſome 
things analogous to the one,and ſamewhat to the other, 
though not exaGtly the ſame with either. And this 1 
conceive from the tigure and make of the Soning ports, 
for 1f it had been of the ſame nature with a Torch, 
the blaze would have reſembled that of the flame of 
a Torch or Candle, that is, the fides would have been 
brighter, and the middle darker, as I have ſhewn in 
my. Lampas; whereas it was very manifeſt that the mid- 
dle of the blaze was brighteſt, and of that blaze that 
which was next the Star or Naciess was brighter than 
that which was further off: whereas in flame the con- 
trary 1s very obſervable, as I have in the ſaid Trea- 
tiſe ſhewn. 

From the ſhape of the figure, the manner of its difſo- 
lation ſeems to be thus. The Star or Naclews in the mid- 
dle, ſeems to be the fomes or (ource from whence all the 
hght proceeds : this we ſuppoſeto be a denſe body en- 
compalſt with a very fluid body (ſuch as the Ether ſeems 
to be) but of ſuch a looſe and ſpongy nature, as that 
the Ather doth cauſe thoſe parts which are conti 
to it, to be diſſolved and expanded into it ſelf, This 
difjolution and expanſion I conceive doth generate or 
cauſe the light that ſeems to proceed from it, that 
diſſolution cauſing ſuch a motion of the Ather, as is 
neceſſary to produce the appearance of light ;z now ſo 
long as any part thereof remazns in diffolution, fo 
Tong doth it continue to fhine, asis alſo obſervable in 
the flame of any body burning in the air, but when 
the part ſeparated from the body 1s quite diſſolved in- 


to-the Ather, the efie& of ſhimng ceaſes, as 1t _ 
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-alſo in the parts of flame. Now I have obſerved that 
the blaze is ſo very much” rarified, that firſt the Ether 
'T conceive comes very _ to every particle of the 
body after it is ſeparated from it, bur ef y to 
-the outermoſt, and continues to be incompatlied with it 
ſo long as till it bequite diſſolved into it, which I con- 
ceivetobe atalittle farther diſtance from the head than 
the greateſt length of the blaze ſeems to be to our ſight. 
And further I conceive that the outward parts being 
thus incompaſſed more perfectly with the free and un- 
diſturbed ZXther, are ſooner diſtolved into it than thoſe 
.of the middle, and conſequently the ſides ſeem firſt to 
diſappear, and the middle parts contmue their ſhinin 

to a much greater diſtance from the Star in the head, 
though ſomewhat alſo of that appearance may be 
aſcribed to the diſperſing and rarity of the parts near 


-the ſides. | 
The Naclews or Ball in the middle of the head, 


which T have called the Star, I concerve to be diflol- 
-ved equally on all ſides, and the parts which are difſol- 
ved or ſeparated fromit, I conceive to fly every way 
from the center of it, with pretty near equal celerity 
or power, like ſo many blazing Granadoes or Fire-balls, 
theſe continue their motion ſo far toward the way 
they are ſhot, till the Levitation from the body of the 
Sun defle& them upwards, orin oppoſition to the Sun 
intoa Parabolick curve,in which Parabolick curve,eve- 
Ty fingle particle continues 1ts motion till it be wholly 
burnt out, or difſolved intothe Ether. Theſe are con- 
tinually ſucceeded by new ſeparations from the afore- 
ſad body in the ſame manner as tis obſervable in a 
burning, ſteaming, or ſmoaking body in our air, or a 
diſſolving body incompatled with 1ts proper menftru- 
um, as idefore mentioned, and will ſo continue until 
the whole be at length diſſolved into the Zther, 

through: which it paſſes. g 
It hath been demonſtrated by Torricellizs, of bul- 
lets or other bodies caſt or ſhot upwards, that the fame 
Or 
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or equal bullets diſcharged or ſhot out from the ſame 
ne, with the ſame of ſtrength, but with 
iffering degrees of inclination to the Horizon, each of 
them ſhall be moved in a parabolical line, and every 
one of thoſe parabolical lines ſhall touch a parabolj- 
cal Ime, whole axis 1s the perpendicular, and whoſe 
apex is diſtant from the ſaid point, the full altitude of 
the perpendicular ſhot; So that ſuppoſing in the twenty 
ſecond figure, A to be the point from whence all the 
fhots are-made with equal velocity, A C the greateſt 
height of the perpendicular ſhot, and A D the greateſt 
Horizontal random at 45 degrees of inclination, and 
ſuppoſe EDCDE a parabola pa through thoſe 
points D C D, all the ſhots made with equal bullets, 
with equal velocity from A, but with all variety of in- 
clination between the perpendicular upwards, and the 
icular downwards that touch the faid parabghi- 
cal line, and conſequently if there be an indefinite 
number of ſuch balls continually flowing out of the 
57s A, with equal degrees of celerity every way 
diſperſing themſelves equally i erbem, the whole ag- 
| gregate of ſuch an emanation will make a ſolid para- 
Polical conoeid EDCDE. Now about the point 
A, if we ſuppoſe a Sphere as BBBB, and from 
this Sphere an indefinite number of ſuch qual Balls 
be thrown off perpendicularly to the ſuperficies 
of it, from every point thereof, with equal ce- 
lerity at their leaving it, thoſe emanations will form 
alſo a conoeid, which will be very near the ſame with 
the former: And if this Ballin the middle be ſuppoſed 
a burning and ſhining body, and that all theſe emana- 
tions have one of them equal light in proportion 
to the Globe BBBBA, the etfe&t produced Sy 
will perfealy reſemble the appearance and figure of 
Comets, if at leaſt the Parabolical conoeid be inver- 
ted ; which will ſomewhat explain the manner how I 
conceive the figure of the Cometical body is naturally, 


and moſt proportionably formed ; for if the _ 4 
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fuch an emanation of ſhiming bodies De exantitied, ' 
will very plainly exhibit the exa& and true #ppatert 
figure of Comets, a5 they may be ſeeri good 
Teleſcope, which is to me & very great arg ; that 
'tis the genuine caufe of its ſhape and figure: New 
though the Comets appearance be this way cauſed, 
and fo a - man might eonceive' the Globous body 
would 1 a little time (by ſo copious an —— 
conſumed, yet I do not believe that it doth in a ſho! 
time waſt and diſperſe the whole Ball, nor can T con- 
ceive that the diſappearing of thofe blazitng bodies to- 
ward the latter end, does depend upon their diffokiti- 
on (though that may fomewhatthmibiſh them) 
but that rather is to be wy mm —_ —_— 

fition in reſpe& of us: remember 
ſerved very He feſt in chat of 1654.that —_ 


toward the htter end of its appeatitig way very: 

ls in ptoportion to the ons pork Ie; Warr 
ſeemed to be ar the bepinhirg, but whether that tight 
not be partly afcribed to the great diftanceit then was 
from us, and the turning of the head pretty near to- 


wards us,and thence the ſpreadinig of the Tail (yppeat- 
mg beyond ir, ml ht addtd thebreadthof the ratlit- 
he 


tion about t #7, I will not poſitively Uetetmme. 
Now though for explication fake, 1 have compared 
the parts ſeparated the body of 'the 'Comet tb 
blazing Granadoes or Fire-balls, yet T Wonld-not be 
underſtood to ſuppoſe theſe parts fo feparated to'be 
of = very hrge bulk, for I ſte no neceffity to fup- 
pofe them bigger than the Atoms of ſmoke, or the 
particles of any other ſteaming body, or than'the' 
of the Air, which make the body of 'it appear thick 
and hazy; nor do I believe that all the hphit of the 
Star, head, and blaze, does depend only upon the 
{mining of the diffolving body and patrticles thereof: 
butT do ſuppoſe that 'it doth proceed both from the 
reflefton of the Sun-beams from thoſe parts, and/alſo 
from an innate and momentaricous light prodiiced by 
the 
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the ation of diſſolution wrought on the parts by the 
incompaling Ether. 

It may ly ſeem very difficult to ſuppoſe that 
the diflalytion of the parts of the Nucleas, by the in- 
compaſling Zther, ſhould cauſe or impreſs ſo violent 
a motian. nto the % w0mpe parts, as to make them 
depart from it to the ſpace of four ar five Diameters, 
before it be over-pawered by the power of Levitation 
from the body of the Sun, and fo deflected into a pa- 
rebolical line upwards. It may likewiſe ſeem ſtrange 
to ſuppoſe that the Zther ſhould have ſuch power in 
It, as fixſt to diſſolve a body into it ſelf,, and ſecondly 
to cauſe a ſhining, and thirdly to cauſe a Levitation of 
the difſolyed parts upwards; whereas I ſuppoſed be- 
fore (and I think 'tis very manifeſt ) that cauſe a 
gravitation downwards, towards the Center of the 
Sun: But to theſe for explication, I anſwer that we 
need not go far for inſtances to make theſe things 
probable, the Atmoſphere about the Earth, as I have 
formerly mentioned in my MZzcrographia, I take tobe 
nothing elſe but the diſſolution of the parts of the 
Earth into the incompaſiing Xther ; for the proof of 
which, I could bring many arguments, were it here 
a proper place, by which I could moſt evidently de- 
monſtrate the thing to be as I have aflerted. It is here 
evident that this Ather doth take up the particles of 
bodies to a very great diſtance from the ſurface from 
which they were ſeparated, and it doth not only raife 
them but ſuſteins them at thoſe heights,nor 1s this pecu- 
liar only to the Ather when a menſtruum, but to all 
diſfolving menſtruums in general. 

As to give one inſtance, in ſtead of many, we find 
that Gold (the heavieſt of all Terreſtrial bodies we yet 


know,) being diflolved by Aqua Regis, 1s taken up in- 
to it, and kept ſuſpended therein, though the parts 
of the Gold be fifteen times heavier than the parts of 
the Aqua Regis. So Pit-coal though very heavy, 1s 


yet taken up into the Air, and kept ſuſpended there- 
2 in, 
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ja,, though'it will be found to be ſome thonſands of 
times more ponderous than the menſtrunai of the Air 
that keeps it ſuſpended. | 

Many reafons I could produce to ſhew the great 
power of the ZXther, and the univerſality of its aQi- 
vity almoſt in all ſenſible motions, but reſerving them 
for another Diſcourſe hereafter, I ſhall at prefent, on- 
ly mention thoſe fuppoſitions which ſeem to have 
the greateſt difficulty, m this Theory, viz. how the 
diſſolution of the parts of the Star by the incompalling 
Mther ſhould cus light, and ſecondly how it ſhould 
cauſe an aual Levitation of the diſſolving particles up- 
wards. For the explication of theſe. two difficulties, 
I muſt at preſent crave favour to explain them by ex- 
amples taken from operations of Nature in the At- 
moſphere wherem we live, very: ſimilar and'analogous 
to them. Firſt, for the production of light, we firid 
that the Air incompaſling the ſteams of bodies pre- 
pared by heat or otherwife, and made fit for diffolu- 
tion, doth fo operate upon them, as to make them fly 


and pou aſunder with a very impetuous motion, info- 


much that the ſmall particles or Atoms of the diflolved 
bodics, do not only leave one another, but depart and 
dart out with ſo great an impetnoſity, as to drive off 
all the incompaſſiing Air from their Center from 
whence they flew, and this I take to be the cauſe not 
only of their Light, but alſo of their Levity upwards, 
this may be feen very plainly by the ſmall parts of 
crack|1ng Char-coal, which upon the blowing” them 
with Beltows, and ſo crowding agreat quantity of the 
freſh menſtruum on them, fly and dart aſunder with 
great celerity and noiſe, but 1s abundantly more evi- 
dent in the kindling of Gun-powder, where the im- 
petuoſity is ſo very great as to drive away not only all 
the incompailing Air but all other bodics, though ne- 
ver ſo ſolid, that hinder its expanſion, in the perform- 
ing of which operation the-/Ether hath a great ſbare, 
as I may hereafter ſhew, 'tis very probable that the 


Ather 
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Xther in the ſame manner diffolving the particles of 
the Star, caufeth the Atoms thereof to alunder 
with ſo great art impetuoſity ' as to leave a vanity | 
even of the parts of ' the Ether , which flying afun- 
der doth not only cauſe light by imprefling on” the 
Xther a ſtroke or pulſe which propagates ' every 
way in Orbem, but maketh ſuch an agitation ofthe 
the Zther, as cauſes a rarefaction in the parts thereof; 
whilft the parts that are once aQtually ſeparated, by 
contmual rebounding one againft another before 
they come to be at reſt and quietly to touch each 
other, prolong that fieft ſeparation or vacuity be- 
tween them. 

This Explication, though it be ſomewhat difficult; 

et I hope 1t is intelligible, and may be, with proba- 
bility enough, fippoled to be the true: cauſe of the 
appearance, whiltt there is nothing therein ſuppoſed 
which is not manifeftly the method of Nature inother 
operations ; and though the ſuppoſition even of the 
AXther, may feem to be a Chimera and groundleſs ; 
yet had I now time, I could by many very ſenſible 
and undeniable experiments, prove the exiſtence and 
reality thereof, and that it dott attually produce not 
only as ſenſible effects as theſe I have-named, but very 
much the ſame, and many others much more cofidera- 
ble, which by Philoſophers have hitherto been aſfcri- 
bed to. quite different cauſes. | 

Had I been able to have made fome other ovlervati- 
ons (which I deſigned, 1f I had had the opportunity of 
ſeeing it, ſome of the ſucceeding Nights, )I ſhould have 
hoped to have explained feveral other difficulties con- 
cerning the nature of the body and blaze of Comets, 
but being therem prevented, I muſt leave them till F 
cari make ſome further obſervations. on ſome. Comets 
that may hereafter appear. 

In the mean time that what F have. difcourſed con- 
cerning thelight of Comets, may not ſeem ſo altoge- 
ther paradoxwal and unintelligible as ſome may ima- 
H 3 gine, 
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gine, IThave here added ap account of ſame trials and 
| obſervations made on ſhining ſubſtances of natures ex- 

ceedingly differing from thoſe that are commonly to 
be met withal. And this I the 'rather do, not only 
becauſe it affords an inſtance of ſhining where there 13 
no Air, but that hereby I may-enlarge the limits of 
their imagination, who ſhall conſider of this ſubjed. 
For nothing is more apt to miſguide our reafoning 
than a narrow and limited knowledg of cauſes, we 
are not to conclude the body of a Comet a ſulphureous 
vapour exhaled from the Earth and kindled above, 
becauſe here are ſuch vapours obſerved and ſuch ef- 
fets produced, nor a collection of Sun beams made by 
a Lentiformed vapour, after the manner of a Burning- 
glaſs (as ſome eminent Writers have lately done,) be- 
cauſe ſome ſuch appearances may be Artificially pro- 
duced in a ſmoaky or I rn A nos - = - 

ly inquire, we wht which is 

Bolt ſenſible quality of Comets that aftects our ſenſes, 
may be, and really is produced by very many, and 
thoſe very differing ways. In Nitre and Sulphur 

indling each other by heat, we have one way ; in a 
body burning in the Air a ſecond, in a heated Iron or 
Glaſs athird, in a piece of Iron hammered til] red hot 
a fourth, in rotten Woed and decayed Fth a fifth, in 
Glow-worms, Scolopondras, and other living Worms, 
and in the ſweat and excrements of other living crea- 
tures a ſixth, in a Diamond rubbed a ſeventh, in Dews 
F fatui, ec. an eighth, in Sea-water a ninth, in the 
Donates ſtone,and in the Phoſphorus Baldwini (which 
I take to be much of the ſame nature) a tenth, in the 
Phoſphorus of Mr. Kraft an eleventh, and poſſibly 
wholly differing from all theſe, may be the light 
of the Sun, a twelfth, and that of the Star may dif- 
fer from that of Sun, and the Comet may be differing 
from all the reſt. Whether they be ſo or not, the be- 
os with the ſeveral proprieties of them 
W 


the better enable one to _judg of what is perth 
nent 
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nent to be obſerved in Comets, in order to find out 
which is concerned. 

The Phznomena of moſt of theſe ſhining bodies 
are very common and obvious, and therefore need- 
leſs to be added ; but that of the Boxonian ſtone pre- 
pared, and that of the Phoſphorus Baldwini (lately 
diſcovered by Mr. Beldwine) are rare and hard to be 
got,and the effects of themare wholly differing from all 
the ways I have yet met with, and will therefore prove 
Experimenta Crucis, highly inſtructive inthe Theory of 
Light, of which more hereafter. As for the Phoſpho- 
ros Fulgurans of Mr. Kraft (more ſcarce and rare than 
the other) 'tis wholly differing from any of the reſt, 
and very ſtrange and furpriſing, at leaſt it appeared fo 
to me, m_o 84 the good __—_ -» = _—_ at & 

part of the experiments made by the Author in 
— and at the Chamber of "he Honourable 
Robert Boyle, Eſq; that great Judg and Promoter of all 
curious inquiries into Nature and Art, who at my car- 
neſt intreaty, was not only pleaſed to commit . to wri- 
ting what he obſerved, but (for the information of 
Curious and —_—— Naturaliſts,) to give me liber- 
ty here to publiſh it. 
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eA ſhort Memorial of ſome Obſervations 
made upon an Artificial 5; ubſtance, that 
ſhines without any precedent Illuſtra- 
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September, 1677. 


N Satzrday the fifteenth of this month 
I was after ſupper viſited by Mr. Kreft, 
8 a famous German Chymiſt, who was 
pleaſed to come and ſhew me a 
Tk rarity he bath newly brought into Erg- 
lard, to the ſight whereof he allowed me to invite ſe- 


veral members of the Royal Society, he being defirous, 
becauſe the matter he imploys is very coſtly and of 
difficult preparation, to be a good Husband of it, and 
by ſhewing it to ſeveral curious perſons at once, to 
exempt himſe]f from the need of ſhowing it often. 
The Company- being met, the Artiſt took out 'of a 
pretty | box he bad _— with him, divers 
Glaſs Veſlels and laid them in order on the Table. The 
largeſt of them was a Sphere of Glaſs, which I gueſſed 
to be four or five Inches in Diameter, being hollow 
and intire, fave that in one place there was a little 
hole, at that time (topt with ſealing wax, whereat to 
pour inthe Liquor, which ſeemed to me'to be about 
two Spoonfuls or ſomewhat more, and to look like 
muddy- water made a little reddiſh with brick-dult or 
ſome other powder of that colour, he alſo took out of 


bis Box three or four little pipes of Glaſs ſealed, or 0- 
I therwile 
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therwiſe ſtopt at both ends, being each of them ſome- 
what bi than a Swans quit}, and about frve- or fix 
Inches long, and having at one end a fimall frag- 
ment or two of that matter that was to ſhine in 
the. dark. 

He likewiſe hid upon the Table three or four Vi- 
2s of ſeveral fizes, but none of them judged capable 
ta hold above very few Ounces of water : mw each of 
which Vials there was ſome Liquor or other, that was 
neither tranſparent nor well coloured, which ELyxquors I 
confeſs uponhis making no particular mention of what 
they were to do, F was not curious to compare together, 
either as to quantity or as to colour. Beſides all theſe 
ſubſtances which were fluid, he had'a {mall Cryſtal- 
line button Bottle, a little lump of matter, of which he 
ſeemed to make much more account than.of all the Li- 
quars, and which | he took out for afew momentsto- 
le6-us look uporr it,” whereby I faw that-it was a con- 
Giſtent body, that appeared of a whitiſh colour, and 
ſeemed not to exceed a couple of ordinary Peaſe, or 
the kernel of a Haſel Nut in bigneſs, forme otherthings 
'tis paſhble Mr. Kraft took out of his Box, but nexther 
I or (for ought I know ) others. of the Company took 
notice of. them, partly becauſe of his haft, and partly 
becauſe the confuſed curiofity of many ſpectators in a 
narrow compaſs, kept me from being able to obferve 
things as particularly and deliberately as I would glad- 
ly have done, and as the occabon deferved. Which 
Advertiſement may I fear be but too. applicable to: a 
great part of the following Narrative. 

The forementioned Glafles beiog laid m order upon 
the Table, the windows were cloſed with wooden-- 
ſhuts, and the Candles were removed into another 
Room by that we were in ; being left uw the dark we 
were.entertained with the enfuing Phanomena. 


1: Though 
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I. h Tnoted above that thehoflow _ 
Glafshad'in it but about two Spoorifils (or - at 
molt) of matter, yet the whole Sphere was illmmina- 
ted by'it, fo that it ſeemed to be not unlike a Cannon 
bullet taken red hot oat of the fire, except that the 
light of our Sphere lookt ſomewhat more pale and 
fame. Bat when I took the liberty to hold this 
Glafs in my handand ſhake it a httle, the contained Li- 
quor appeared to ſhine more vividly, and ſometimes 
as it were'to flaſh. 

IT. I took one of the little pipes of Glaſs for- 
merly mentioned, into my wo , and obſerved 
that though the ſhming matter had been lodged 
but at one end, yet the whole Glaſs was enli 
ſo that it a ed a luminous Cylinder, whoſe 
light yet T did not judg to be always uniform, nor 
did it laſt like that which was included in the Vi 
als. 

IE. In the largeſt of the Vials next the Spherical 
already mentioned, the Liquor that lay m the bot- 
om being ſhaken,” I obſerved a kind of ſmoke to af- 
fcend and almoſt to fill the cavity of the Vial, and 
near the ſame time there manifeſtly appeared as it 
were a flaſh of lightning that was confiderably dif 
fuſed, and pleaſingly ſurprized me. 

IV. After this I took up that ſmall Cryſtaline Vial 
that I lately called(by a name famihar in our Glaſs-ſhops) 
a Button-Bottle, wherein was contained the dry ſub- 
ſtance which the Artiſt chiefly valued, as that which 
had continued luminous about theſe two years, and 
having held that Vial long in my hand, 1n the ſame po- 
ſition 1n reference to my eye, and lookt attentively at 
it, I had the opportunity to obſerve (what I think 
none of the Company did) that not only this ſtuff 
did in proportion to its bulk, ſhine more vividly than 
the fluid ſubſtances, but thaat which was the Phzno- 
menon I chiefly attended) though I could perceive no 


ſmoke or fumes aſcend from the lumimous matter, yetT 
i 2 could 
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could plainly perceive by a new and brisker light that 

appeared from time to time-in a certain place near the 

top of the Glaſs, that there muſt be ſome kind' of 
flalhy motion in the matter that lay at the bottom, 

which was the cauſe of theſe little coruſcations, it I 

may ſo call them. 

V. The Artiſt having taken a very little of his con- 
ſiſtent matter, and broken it into parts ſo minute, that 
T judged the fragments to be between twenty and thir- 
ty, he ſcattered them without any order about the 
Carpet, where it was very delightful to ſee how vi- 
vidly they ſhined ; and that which made the ſpeCtacle 
more taking,eſpecially to me, was this, that not only in 
the darkneſs that invironed them, they ſeemed like fixt 
Stars of the ſixth or leaſt magnitude, but twinkled alſo 
like them, diſcoveripg ſuch aſcintillation as that where- 
by we diſtinguiſh the fixt Stars from moſt of the Pla- 
nets. And theſe twinkling ſparks without doing any 
harm (that we took notice of ) to the Turky Carpet 
they lay on, continued to ſhine for a good while, 
ſome of them remaining yer vivid enough till the 
Candles being brought in again made them diſap- 

ear. 

VI. Mr. Kraft alſo calling for a ſheet of Paper and 
taking ſome of his ſtuff upon the tip of his finger, 
writ 1n large Characters two or three words, whereof 
one being DOMINI, was made up of Capital Letters, 
which being large enough to reach from one fide of 
the page to the other, and being (at leaſt as Igueſled) 
invigorated by the free contact of the external Air, 
ſhone ſo briskly and lookt ſo oddly, that the ſight 
was extreamly pleaſing, having in it a mixtute of 
ſtrangeneſs, beauty and frightfulneſs, wherein yet the 
laſt of thoſe qualitics was far from being predomi- 
nant. And this Phanomenon did in more lenſes than 
one afford us the moſt of light, ſince not only the 
Characters ſhone very vividly upon the white Paper, 
but appreaching ut to my Eyes and Nolſtrils, I could 

diſcern 
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diſcern that there aſcended from them a fume, and 
could {mell that fume to be ſtrong enough, and (as it 
ſeemed to me) to participate of the odour of Sulphur 
and of that of Ontons.. And before I paſt from the 
mention of theſe reſplendegat Characters, I muſt not 
forget that either by their light, or that of the Globe, 
or both by the one and the other a man might 
diſcern thoſe of his fingers that were neareſt the - 
{ſhining ſtuff, and that this being held to the face 
though without touching it, ſome of the conſpi- 
cuouſeſt parts, eſpecially the Noſe, were diſcovera- 
ble. 

VU. After we had: ſeen with pleaſure, and not 
without ſome wonder, the fore-going particulars, the 
Artiſt deſired me to give him my hand, which. when 
I had done, he rub'd partly upon the back of it, and 
partly on my cuff, ſome of his Ln matter, which 
as if it had been affiſted by the warmth of my hand 
ſhone very vividly, and though I took not notice of 
any thing upon my skin, that was either unGuous or 
rough, yet I often times tried in vain by rubbing it 
with-my other hand to takeit off, or manifeſtly dimi- 
niſh its fplendor, and when I divers times blow'd up- 
on ſome of the ſmaller partsof it, though they feemed 
at the inſtant that my breath beat upon it, to be 
blown out, yet the tenacious parts were not really 
extinguiſht, but preſently after recovered their for- 
mer ſplendor. And all this while this light that was 
ſo permanent, was yet ſo mild and innocent that 
in that part of my hand where it was largely e- 
nough ſpread, I felt no ſenſible heat produced by 
It. 

By that time theſe things were done 'twas grown 
late, which made Mr. Kraft, who had a great way 
to go home, take leave of the Company after he had 
received our deſerved thanks for the new and inſtru- 
@ive Phxnomena, wherewith he had ſo delightfully 


entertained us. 
I 3 Becauſe 
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| Becauſe Mr. Xreft had twice attempred to fire heae- 
ed Gun-powder with his Phoſphorus, but withour ſfac- 
ceſs; probably becauſe thepowder was not very good 
(as by ſome circumſtances I conjected)) and becauſe it 
was not ſufficiently heated before the matter that 
ſhould ſet it on fire was put upon it, he promiſed me he 
would cotne another time to repair that unfuccesfaineſs- 
And accordingly, On the two and twentieth of Sep- 
zember in the AfternoonlT recived a viſit from Mr. Kreft, 
who told me he came to make good his promile of let- 
ting me ſee that his ſhining matter was able to kindle 
heated Gun-powder, and becauſe no ſtrangers were 
preſent, I-had the fairer opportunity toview 1t, which 
I was able to do better by day light, than Thad done 
by its own light, for when he had taken it with a new 
Pen out of the liquor with which he kept it covered 
to preſerve it, I perceived it to be ſomewhat leſs than 
the nail'of one of my fingers, and not much thicker 
than a ſhilling, and Tobſerved that when it had hin a 
little while upon a piece of clean Paper and diſcharged 
it ſelf from its ſuperfluous moiſture, it began to emit 
whitiſh fumes which ſeemed to be very ponderous, 
fince for:the moſt part they did notaſcend but furround- 
ing the matter whence they iſſued, by their ſtagnation 
made as it were a little Pond or ſmall Atmoſphere about 
It ; ſo that leſt 1t ſhould waſt too faſt, he was obliged as 
ſoon as he had cut off a little corner leſs than half a 
pins head, to put the ſtuff nimbly back into the Vial 
out of which he he had taken it ; wherel obſerved it 
for a very ſhort time to fend up exhalations into the 
liquor that covered it, and quickly after, as it were, 
quencht it. This done the Artiſt divided the little 
corner he had cut off into two parts, one of which 
he ſpread as far as it would reach upon a piece of white 
Paper, which he preſently after held at a diſtance over 
a chafing-diſh of burning Coals, by whoſe heat be- 
ing excited 1t preſently flaſht and burnt away, and I 
having perceived that there was another part of the 
Paper 
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conkderable diſtance 
and yet this little matter nimbly took fire and burnt 
hole m the Paper. And to; Gisfie my felf that the 
heat did but excite the luminous matter, and 
twas this its felt that e& the F | 
reſt of the ſame piece of Paper far nearer the fire and 
kept 1t there a pretty while without finding i at all 
ſcorched os daſcoloured. Laſtly, the other part of the 
divided fragment of the hitherto menvioned 'matter, 
Mr. Kraft put upon the tip of a qual,” and having at a 
diſtance from the fire, very well dryed and warmed 


ſome Gun-powder upon another piece: of ——_— 


laid that Paper upon the d, and then 

his quill upon. it, as if it had been a mand; widow 
a minute ('by my gueſs) that powder took fire and 
blew up. 

"Twill not perhaps be nnpertinent to add that on oc- 
cafion of the operation I obſerved the Air to have 
on the ſhining ſubſtance when freely expoſed to it. 
T took a riſe to. tell Mr. Kref# that T preſumed i might 
be worth while to try whether his Phoſphorus did 
fhine by virtue of a kind of real or (if I may fo call. 
it) living flame, which hke almoſt all other flames re- 
quired the preſence and concourſe of the Air tomain- 
tain it, or whether it were of ſuch a kind of nature 
as the Phoſphorus of the learned Beldwinas, which I 
ſuſpeted to ſhine not like a flame or a truly kmdled 
ſabſtance ;- but like ared hot Iron, or anigmited piece 
of Glaſs, wherein the ſhining parts are not repaired 
by fewel, as in other burning bodies, but are put by 
the action of the fire into fo vehement an agitation as 
whilſt it laſts ſuffices to make the body appear lamr- 
nous. This: conjequre Mr. K raft ſeemed much to ap- 
prove of when I told him that the way I propofed to 
examine his-#0&@:lace. by, was to put a little of 1t into 
our. Pneumatick Engine, and Pump out the mg 

Ence- 


% 


C64 ] 
abſence, if it were or the nature of _ flames, og 
ably extingui or very much impair its- light, 
+4126 ——_ he offered not to have rhe ta we : 
probably becauſe be had but very little of his ſhining 
ſubſtance left, I thought it not cvil to preſs him. 
But to countenance what I ſaid of the nature of Bald- 
winus Phoſphoras, T ſhall recite an Experiment that I 
purpoſely made,to examin whether the preſence of the 
Air were neceſlary to the EE this Phoſphorus, 
as I had long ſince found it to that of ſome pieces of 
fnining wood. | 

We expoled for a competent time to the beams of a 
vigorous light, a portion of matter of aboutthe breadth 
of the palm of ones hand, which we had Srepanns to 
be made luminous by them. And then cauling the Can- 
dles to be removed (for we choſe to make tryal by 
night) we nimbly conveyed the matter into a receiver 
that was kept in readineſs for it, preſuming (as the 
event ſhewed we might ) that by uſing diligence the 
light would laſt as long as the experiment would need 
to do; making haſt therefore to Pump out the Air, 
we heedfully watched whether the withdrawing of 
it would, contrary to my conjecture, notably diminiſh 
the light of the hining matter. And after we had 
thus withdrawn the Air gradually, we tryed whe- 
ther by letting it return haſtily, it would produce a 
more ſenlible change 1n the matter (which had been 
purpoſely put in without any thing to cover it, that it 
might be the more expoſed to the Airs Aion.) But 
neither upon the gradual receſs of the Air, nor yet 
upon its ruſhing in when 1t was permitted to' return, 
could we certainly obſerve any manifeſt alteration in 
the luminouſneſs of the Phoſphorus, other than that 
flow decrement that might well be imputed to the 
time during which the experument was making. It be- 
ing well known that this lumigous ſubſtance requires 
no long time to make it decay, and by degrees to loſe 
all its light; ſo that though once there ſeemed to one 


Or 


yepeared. nents it cluded'that 

* 6f the” Air was not at all weceſſary to'the 
ſhining of our matter, and it was judged molt proba- 
ble that the abſence 'or preſence of the: Air, had =o 
watiſeſt operttion ogit.'- I might add tothis that per- 
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| ce of the: Air 'is:rather hurtful than ad- 
gious to this ſort-of lights, fince-* for having had 
a large Phoſphorusthat was much eſteemed, and,whilſt 
I kept it, exactly protected from the Airdid very well; 
2 part -of the Glaſs that covered it,: having by mif- 
chance been ſoniewhat crackt, ' though none: of the 
ſplinters appeared diſplaced; 'yct it ſeems ſome' of 'the 
puſcles of the Air nmade a ſhift to infinuate them- 
ſclves at theſe chinks (as narrow as they were) and in 
not many days made'the matter 'ccaſe to be capable of 
zXeiwg made luminous as before. I cannot ſtay to in- 
quire 'whether this unfitnefs- or indiſpofition may be 
imputed to the bare moiſture of the Air, or to ſor 
other ſubſtance or quality that alone or in conjunRion 
with-the moiſture, may ſpoil that peculiar texture, or 
conſtitution that fits the matter of the Phoſphorus aſ- 
ſifted by the impreſhons of external hight to become 
luminous. This, I fay, I cannot ftay to examine, 
though, That this Phoſphorus is of a nice and tender 
conſttution, - and eafily alterable, I was induced to 
think, by finding that the want. of circumſtances, 
ſeemingly ' {light enough, would keep it from being 
made ; and I gueſs that a convention of circumſtances 
did more contribute to the produfion than any pecu- 
liar and incommunicable nature of the matter : Becauſe 
having had the curiolity to make ſome trial upon fo 
obvious a material as quick Lime, though the fuccefs 
did not-anſwer my deſigns, yet, neither was it ſo bad, 
but that ſome luminous quality was produced in the 
Lime by the action of the fire, and a faline La $ 
and I ſcarce queſtion but other materials will be found 
hx K capable 
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es Ns whereas the contatt of the 


Fe though it. were not free, did in a ; x acer 
{troy the - luminouſaeſs. of. a good P yet 
having included another. ur a Receiver, ' whence we af- 


terwazds pumpt out: the Ajr, this matter, 

by Hi ESA 
m our. Vacuum, that at 

TE fome weeks, but ſome months, I found 

that the beams- of a- Candle to-it through. 

the Receiver, would 

Ni Continues 1n, ſaffice 10 re-excite in ita mani- 


light. 
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| Thus far was the communication of this —__ 
perſon, whoit's hoped be farther prevailed watch. 
to communicate thoſe —_—_ accurate obſervations, 
and curious reſearches he hath. made conce the 
light of the Beroriax Stone, and the Phoſphoros Bald- 
wini, which are indeed truly admixable, and very 
much -differing: from the uſual” procefies 'of Nature 
for the exhibiting of H 

Before I take heave of 1 my Aſtronomical Readers, 
E ſhall here acquaint them wich ſome Collethons [ 
have made of other Aſtronomical matters and diſco- 
veries, Which I hope will not be leſs plealing tothem- 


than they were at firſt #0 me. The Diſcoveries” axe. 
_ and not leſs-ſignificant.. The firſt is, 


A Let- 


er, L-ED. and Provſt of the Church 
_ of. St. Symphorean at Avignon, di- 
refed s th 


(ſemo Erudit e viro D. Tohanni Domini 
( co 5 Ht, rr Profiſers pA mak dire 
nowo preſtantiſſimoS Academie Regie ſcientiarum ali 
no meriti[ſims. 


Conteining an account of his obſervation of Mercury 
Mr. 'Gellet then acquaines Mr.Caſfini with his obſerva- 
tion of v- jib © and the whole method and proceſs of 
his obſervation. Firſt he fitted two excellent Teleſco 
the” Glaffes of which were given him by Mr. Jac. Dor 
rellizs,one of the Academy Royalof Paris. The oneof 
twenty three foot, he fitred with a Glaſs covered with 
{mooke, 'placed in the outward focws of the Eye-Glaſs : 
The other of three foot he fixt to the Arm of his Qua- 
drant of the fame Radius, this was fo exquilite that 
compared with one of Divini, which was choſen by 
the care of Honorato Fabri, and procured by Monficur 
de Beanchamps, it was found to repreſent the objeds 
clearer : By this the figure of the Sun was caſt on an 
oppoſite Table, on which he had drawna Curcle of the 
ops proper to the Diſtance and Magnifying of the 
Glaſſes to contain the whole Face of the Sun, and by 
Parallel Circles had ſubdivided the fame into digits 
ard Sexageſimals, he had alfo placed three threds in 
the interior focus of the Glaſſes, that the middlemoſt 
went through the Center, and the two outward 
touchE&d the Limb of the Sun by their ſhadow on the 
Table, he had alſo a Pendulum Clock that vibrated 


thrice in a fecond. Thus accoutred he watched the _ 
K 2 ar 
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and fixth day, from Sun rifing to Sun ſetting, and the f- 
venth after the Cloudy Sky had. ſeemed: tordehude- 
his curiofity till Eleven a Clock almoſt, it thenbegarr 
to open anddiſcovered to.him. Mercury got | within the 
Eaſtern Limb- of the Sun, about» *; of us —_— 
ter; at length the Clbnds being difperſed; rhe*Sun be-- 
ing 27* 45. high, or at 1oh. 54' Y j+- ſelf marked out 
its own place.in the dick of the © by its own 
{ſhadow caſt on the Table by the ſhorter tube. Then 
he diſpoſed the ſhadow of the. aforeſaid thred ſo Pax 
rale! tothe Equator, that this figure of the Sun ſhould 
move between the outward ones, and that the middle 
ſhould mark out the Paralel deſcribed by the Center of 
the Sun in motion,at the ſame time he took the declina- 
tion of 9? from this middle Parallel and the right Afcen- 
tion, by the number of Vibratiqns of the-Dendulam, 
from the; Welterg Limb of the Sun, taken by the 
ſhadow of a Perpendicular Croſsline to. the þ Gay 
by the ſame means, alſo he meafured the Diameter of 
the Sun and of Mercury. 

Then to the end he might give leſs. cauſe of doubt,ac- 
cording to his uſual cuſtom, - procured ſeveral friends 
who were preſent and witneſfes of all the obſervatt- 
ons after the fourth mentioned in the Table. During the 
obſervation he took notice of theſe remarkable acci- 
dents. Firſt, that Mercury through the long Tube was 
very black, and of an Elliptical igure whoſe longeſt 
Diameter was. Parallel. to the Equator, but in. the Spe- 
cies through the leffer Telecope, it appeared round 
and of a dusky red (like a ſpot obſerved by him in the 
Sun from the Ninth tothe Fifteenth of April.)Secondly, 
that the Diameter of Mercury going out of, the, Niſc 
of the Sun, when it toucht the periphery ſeemed. ta. be 
of four times the Diameter it appeared of through. the 
v/hole Phaſe, ſo that Mr. Beauchamp, who watched 
the exit with the longer Tube, whilſt he himſelf min- 
ded the Quadrant.in oxder to take the Altitude of the 
Syn, at the time of: the exit cried.out, O haw arg go 
Tee 


ty leave ro or as It were E: 


melts into ir, "al pet it vaniſhe e REL Eng 


then 13. 23 3 22. high 

. He further adds that before he leaves tofj ha a 
Sun, -he. will here inſert an obſervation t 
made of . four fpots he had ſeen in the Sun in -® Foge of 
Offober laſt (S?., No.) with this his longer Teleſcope, 
one only of which was. vitible by the Species caſt with 


the RI Glaſs 


f ' O80b. | Drcingrmacula prin- | Differentia t Ti tr 
: cipalls 4 paral. Cen- fer is temp. | ippue crrf- 
Die. hora trs ©. Occident.& lars; 
% macklam. | 
| 1 To @©[.4 x 4.201 ©. @q 
. 2::ka .o:2 49 012, I0. 20| 
3 T0. 3Q|'1I 35 40]2 IO 20 
4 10 35| 0:40 awſt. | 25 40|]2. 10 3of 
| 6 To O©O| 3 3 20[2 10 4 


Thus ſubmitting his method to the judgment of 
the Learned Caſſinz, and earneſtly Jefiring his _ = 
thereon, he ends his Letter, and Dates it 
Avignon, Nov. 21. 1677. 


To this Letter he ſubjoins the obſervation it ſelf, 
Intituled, 


Mercurizs ſub Sole viſus Avenione die 7. No- 
vemb. 1677. Obſervante me Joanne Carolo Gallet, 
7. V. D. Prepoſito Eccleſie Sandi Symphoriani Aveni- 


onenks. 


The Contents of which are, 


* "That deſigning to obſerve this paſſage of 9 under © 
he with his Tube watchfully looked = it in the Suns 


place, from the 5th to the 7th. - day, witha Teleſcope of 
K 3 23 foot 


I 


_* mw = ws 
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23 foot (as above) he obſerved a Tpot of un elliptic 

figt ol Fares) already gotten: a brink te fe- 
midiameter of the Sun within the limb , and declined 
a little to the South in reſpe& of the paraflel of the 
M#quator drawn through the Suns center, at zo hours 
26 min. butthe Clouds hindering he coul&.not obſerve 
its motion till it had aſcended 2s high asthe p: : 
when the Suns altitude was 27. -45. or 'to a 54 
minutes. From the quickneſs of its motion he ſoon 
found it to be © and not a ſpot., and therefore 
he forſook not his Quadrant to which was fitted his 
three foot Teleſcope and Table to recrive the. figure 
of the © but obſerved the times of the Immerſions and 
the Emerſion of & by the help thereof, being afliſted 
by ſeveral of his friends who were witneſſes of what 
paſſed, and particularly by the Hluftriouas Monſieur 
De Beauchamp, who with the twenty three foot Glaſs 
determined the Exit of ,-whileft he himſelf 
took the Altitude of the Sun with his Quadrant, as in 
the terith Obſervation. 


Fi, | 
45, 
40 
30 
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53 
I 
55 
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The time of the [The Diameter in 
Tranfatus. the Parallel. 
of the. Sun. 414 2 13 [34 3o © 
of. Mercury. 3 © t 100 17 30 


From this Obſervation he had the Declination of 
Mercury in zeſpett of the Parallel through the Cemer 
of the Sun,and thenee its abſolute Declination from the 
Equator, ft the place of the Sun according to - 
Hecker, and the obliquity of the Ks np 23, 30' the 
right Aſcenſion alfo of Y appeared by the di 

time between the Tranfit of ® and the Weſt limb 
of the Sun by the ſame meridian. Then from the De- 
clination and right Aſcenſion of ? given by Trigono- 
metrical Calculation, he found out the Longitude and 
Latitude of it in every Obſervation, and the timeof 
itstrue Conjunction. _ 

NE. 


g. . .|@. & 5.}£ 3 XA 
{1 [1c 53 5815 33 55116 32 33 23 16, 13 x0\'r5 4 
j2 j12o ©j15 36 41/16 31 g0223.13, $5 40.46 
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9 |2 57 28j15 44 gie26 (5235 5 rol5 5711533. © 
10/3 26 56JI5 45 23116 26 152235 5061215 32-37 

Therefore the time of the true tion of the 
Sun and : Mercury at Avignon, was 7.” Hor. 2. 


Mir. 39. Sec. 14. Afternoon. 

To this he hath adjoyned this enſuing wk to ſhew 
how much the Heavens do differ from the Aſtronomi- 
cal Tables. 


Tempus datum ex Tabulis Differentia 4b obſer- 
Novewb. vata conjunGione.. 
D. H. M. D. H. M. . 


Rudolphinis Rey- 78 3 o 7 24 exceſlus. 


ner1. 
Calculis Hecker. 7- 6 9 oO 5. 9 exceſlus. 
Lansbergiams. 6 x 12+ ©0' 23 27- (defects. 
Philolaicis Bullialdi 7 '4 118 o' 3 ' 39 exceſſus. 
Ricciolinis juxta | 

calculum. 
R. admodum Patris>57 8 17 o 7 38 exceſlus. 
Bonifa. Socictatis : LK es 
Jeſu. 


Fo. £29] 
I mf 245" : x 4 % 3567: ; vos | try « | © 
\Obſervations are delineated in the,2 3. Figure. 


Upon this Obſervation I find in the twenty 
third Fournal de Scavans of the Year 
1 677.M7.Caſlini made theſe Refletians. 


Hat having compared this Obſervation ' of 
Monſieur . Gelet ,, of : 1677. with that of 
Mr. Gaſſendwe, of 1631. 'the ſame-day of the-year; to 
=_ the o__ of Novemeber, he found that the Lati- 
tudes of Y at its leaving the Diſc of the Sun, de- 
termined by theſe two © pm were equal; even 
to the ſixth part of a minute. And: by conſequence 
that Þ was both m the one and the other Obſervation 
at the fame diſtance from its North node, and thatit 
traced in the Diſc of the Sun an <qual line: And for 
that ? was here at the like diſtance from its Apogez 
as the Sun was alſo pretty near, the {wiftneſs of 1ts ap- 
parent motion inthe Sun was equal. By the Obſerya- 
tion of Mr. Gafft it is fognd conſiderably moreflow 
than that which Mr. Gaſſend#s hath {uppoſed from the 
Rudolphin Tables of which he made ule for the deter- 
ming of it, not having beenable to make Obſervation 
td, by reaſon my ay He believes 
then- that © ſpent -more ve -hours in. ruani 
through the Duc. of the Sun, ſince theObſerrationer 
Mr. Galet, it hath ſpent 5 hours and 35 minutes, which 
may ſerve for an Advertiſement for determining more 
exadly the time of the true conjunction of Y with the 
© in the year 1631. C1005 I) 
The ſame equality of Latitude at Mercury's leaving 
the Sun ſhews that the Sun was equally-.di from 
the Node of Mercury at the time of theſe two Obſer- 
vations. And as the Sun was more advanced in that. 
of this year from 63 to 64 minutes, than inthat of 
the year 1631, So it follows that the a” >> 
as ode 


E207 
Node of %? hm gag from 630 a5e ao mages i the 


ſpace of 46 < oats on; oma 
Tables, Roms alſo cxaQly th the 


Nodes: a rater of no fall big gy ot 
my, Which bath nota little difficulty eo:detetinine with 
preciſencls the Nodes of the Planets and their mo- 


Hons. 

But having compared the obſervation of Mr. Gabet, 
with that of Mr. Heveliw , m 1661. whnch hap- 
ned the third of M ay, in a place of the Zodiac oppo- 


fire rothat of this L4H he hath found the Ol- 
al Node of %& leſs advanced than the Meridional was.m 
the preceding Obfervation ; ſorhat if the Nodes of * 
in regatd of the Sun are precifely oppoſite the one to 
© the other, it appears that they have gone backward 
fince the year 1661. as do thoſe of the Moon, and by 
contqueticetheir motion isſometinies dirett,fomctanes 
: But jf their morion ts fit} uniform, 
follow that the Line of the Nodes of 7% doth 
not paſs at all through the center of the Sun, bur that 
t i removed from it towards the ſepentrional limit 
our 2-rw6' hundredth part of the Semidiameter of 
the Orb bf Merenry 

"Thus far this kt knowing and- accurate Aſtronomer 
Monfitur Cafſris , who we hear hath ſince farther dif- 
eourſed concerning this matter, which we hopeto pro» 
awefo ſoon av he hall make it  publick ; and to. add 
forne other entious Obſer vations made by other hands, 
P have as yet beet able to procure but one more ; but 
that is one fo conſiderable, that t will excite the skilful 
Afrronomers mew to ply their Calkculations,to fee what 
the comparing of this with the w_ will produce 3 
which asthey- come to my hands, I defi to publiſh, as 
I'ſhall alf6 fomewhatr of my own Ob ervations there- 
nþon : nd therefore I omit A make any refte&ions at 
prefene, This Letter is of Mr. Edmund Hally, now re-- 
frdinng at Se Helena, directed to Sir Jonas Moore , Sur- 
veyor. of tys Majeſties Ordnance; a perlon to whom 
the. 


i 
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the Learned world is very ruch obliged for his patro- 
niring and promoting Rory og Fo ink 
hath not been ſparing of his own paine and purſe in 
providing the belt apparatzs of inſtruments and other 
conveniences for ſuch Obſervations the world ever had ; 
from whorg we may with good reaſon hopea great ad- 


vancement towards the perfecting thereof, 


St. Helena , Novemb. 22. 1677. 
Quered. Sir , You with reaſot. wonder that [ 
L ſoruld ſo lang be nighigine ts writs to your HFirſbin, 
20 give you an dccount of wy proceedings ſince my departure 
fron gh, fog het weſs | am now engaged wpon, 
tbe nomarge ape.gy br GPS BASE AI 
rev mangnch deg: and your ſelf are. my only Patrons: 
but Tbeve not £20 in this particn- 


ler, only I deloyed,, _— | fda ; 


mieht not be al. 

together inconſiderable. 1 hoped fill that we might have 
ſome clear weather | when the Sun came near our Zenith, 
that ſa] might grve you an account that I had near hand ff- 
niſhed the Catelogue of the Southern Stars, which is my 
ipal concern; but ſuch bath been my ill fortune , that 
the Horizon of this [land is almoſt always covered with « 
Clowd, which ſometimes for ſome weeks together hath hid 
the Stars from ws, and when it is clear, is of ſo ſmall ron- 
tinuance, that we cannot take any number of Obſervations at 
once ; ſo that now, when I expeded tobe returning, T have 
not finiſhed above half my intended work; and almoſt de- 
ſpair to accompliſh what you ought to expe from me.. [ will 
yet try two or three months more, and if it continue in the 
fame conflitntion, I ſhall then, I hope be excuſable if in that 
time I cannot make an end. However it will be a great 
rief to be ſo far fruſtrated in my firſt undertaking : I have 
jo ber ye 6 the rr obſerving the ingreſs 
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and eereſs of % on the ©, which compared with the like 
dA made in England, will grve a demonfiration 
of the Suns Parallax, which hitherto was never 

but by probable arguments. Likewiſe I have ſeen thoſe two 
Eclipſes, one of the Sun, the other of the Moon in May laft, 
both which I ſend you, but the mighty winds, and extra- 
ordinary ſwift motion of the Clouds hindred the exatZ- 
neſi of the Obſervations. That of the Moon may help for the 
difference of our Meridians , which is about 7 degrees to 
the Weſtwards of London : but it may more curiouſly be 
found by Mercury ſub Sole. There are three Stars of the 
firſt; Magnitude that never appear in England, 'but none 
near the South Pole of any brightneſs , except one of the 
third. Magnitude, which is abowt ters degrees diftent from 
it. The two Nubeculs called by the Saylors the Magel- 
lJanick Clouds, are both of them exaGly like the whiteneſs 
of the milky way lying within the Antartick Cirele; they 
are ſmall, end 'in the Moon ſhine, ſcarce perceptible ; yet in .. 
the dark thebigeer is very notable. | need not relate wnto 
you the temperature of the Weather for heat and cold here in 
the Torrid Zone, you your ſelf having long ſince had expe- 
rience of a Latitude little different : only this I ſhall cer- 
tifie you, that ever ſince I came to this Ifland,we have had no 
weather that is botter than the Summer of England is or- 
dinarily. Mr. Clark is a perſon wonderfully a _ fo 
me, in whoſe company all the good fortune I have had this 


Voyage conſifteth, to me all other things having been croſs - 
nevertheleſs'T. deſpair not of his Honors and your Worſhips 
fevour,” which alone is. ſufficient to encourage me to bear 
with patience theſe diſappointments, and expe ſome fitter 
opportunity. | 


I am your Worſhips moſt obliged 
Servant, and true Honorer, 


Edmund Halley. 


Octobres 
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St. Helene, Latitudo Auſtralis, 15. 55. 
| Anno 1677, 


OGobris 28, die © mane 7 apparuit intra ©. 


m. $. 
26 17 Pars aliquacorporis ii intraſſet Solem 
decem gradus a nadir ad dextram circiter. 
27 30 Formabat angulum contaiws totws 
ſcalicet. intus 
2 38 39 Limbus yii proximus diſſiti 2 limbo 
Solis ſui Diametro. | 
2 40 YT Limbs ii tecticit limbim ©. 
2. 41 o Centrum © exiit © Sole 30 grad. circi- 
ter 2 Nadir ad dextram. 
2 41 54 © limbns integer fa us. 


OS \© &* 


Longitdo & Latitudo trium Stellarum illuftrium: 
prope polum auſtrimenm. 
Long. Latit. 


Canopws IF 3 S 75 49 
Centauri pes 25 24 m 42 22 
- Alcarnar. IO ZI X 59 183. 


The Period of the Revolution of Fupiter 
upon it Axis ; verified by new Obſerve 
tions made by Monſieur Caſſini : 


Extrafted out of the Journal de Scavans. 


T HE Globe of Jupiter , whoſe Revolution about 
its Axis was determined by the Obſervations of 
Monfieur Caſfz7i, in the Year 


This Revolutien of the body of 1665. to be g hours, and 56 
greg pm Wo SO it werea watch 
in the firſt Tranſa&ion, which for viſibly pointing the hours 


and minutes to the Earth 
at once; ſo that it ſhews the 
fame timeto aRunder the ſame 
ind x. Meridian, and a different time 
cellent improvements in Aftro- to different Meridians,accord- 
"TOW ing as they differ in Longi- 
tude. 
It hath for an Index of its motion one principal ſpor, 
which is very neatly diſtinguiſhed from the.relt of its 
farface, and ſeems from its figure and fituation to have 
ſome reſemblance to the Caſptan Sea of the Terraque- 
ous Globe. By the help of good Glaſſes it may be ſen 
paſſing the under Hemiſphere of it, from the Eaſt to 
the Weſt, witha velocity ſo ſenſible, that one may de- 
termine to one or two minutes , the time that it comes 
to the middle of the Diſc , which is the place the moſt 
fit for eſtabliſhing of the Epochas, and for finding the 
difference of Longitude. There may be a great number of 
ſach Revolutions obſerved , fance 1n one year of 365 


days 
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of 


apPears 
bath Drops ma aronar ir re- 
nn ane on op After it had beer ob- 


ferved the laſt for months of the year 1655. and fome 
prin a 1666. it became in tif} the | 
O year 2672. then being returned to its former 
pearance, Monlieur Cafferi computed whe findeyills of 
the fox years, and Inmted the revolution to be made mm 
9 hours, 55 minutes, 5x7 feconds; and continuing his Ob- 
ſcrvations to the end of the year 1674. be ond by 
theſe: two years that it was too flow by two 

and a half: ſo that it appeared mips ee: 59 mt- 
$3z feconds. 

Thy ſpot hath been mviſible m we Croat and PO du- 


ring which ſpace there ha 
#er; for the —_— 


able changes ia the body 
ftice which was between the two dark belts of Japiter 


was ſeparated into many little parts, m the manner like 
ſo many iflands; as if the two obſcure belts had been 
ry ar Rivers broken one into the other, and had. 
s which like Iſlands, which yet 
Were at Juſt all effaced. and the N coaleſced for and” 
the 1 a, SID at h =_ coal mto- one 
bekt. But yn. om np 

Ra _—_ the Sun in the year cant Ba hs too 
thei form, and Grumbaw which they had ined herevador es 
towit, the ſame which ts rms.” = 24 figure. 
The rincipal [ ppeared anew after pa now þ 
of. 1 laft. Monſon Cafſmi found this ſpot- in 
middle of Jupiter the night after the eighth of the fad 
month, at 13 minutes one at night; and hath hi- 
thertoever ſince abferved it at the honrs-proper to its 
revolution. Having —_ many Obſervations of 
this year with as many s- made the ſame days of 
— 7 16654 fer ivetding the (cruples which may a- 


riſe 


"EI 
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riſe from the inequality of tirhes ,. he hath found/by;the 
intervals of twelve years that thoſe, revolutronscompa- 
redthe one with the other., complete themſelves in' g 
hours, 55 minutes, 52-ſeconds, and 5 or 6 thirds. - And 
becauſe thatin the years 1672, 1673. they appeared 
more{low by 2 ſeconds and a half, during the-tiume that 

ter was in its greateſt elevation. from the Sun. 
Monſieur Cſſzs inclines to ſuppoſe that theſe revoluti- 
ons have ſome little inequality depending on the vari- 
ation of the diſtance of X from the ©, and that they 
are a little ſlower when 2X is more removed, and ſome- 
what faſter when nearer approached that body ; the 
ſame which ſeveral great Aſtronomers have ſuppoſed to 
happen to the Diurnal Revolutions of the Earth in the 
Copernican Hypothelis. 

In this account he hath ſeparated the 1nequality 
which doth reſult from the variation of the two equa- 
tions of Jupiter (as he hath explained in divers Letters 
in 1665.) the which may amount to one half hour, be- 
ſides the inequality of natural days, which according 
to his Hypotheſis may amount to 16 minutes. 

For the finding then of the return of the principal 
ſpot to the middle of # for many years to half an hour 
or thereabout, there needs nothing but adding ſtill the 
time of the period to the Epoche of. the 8. of July, 
1677. and for the finding preciſely, even to. ſome mi- 
nutes,the two inequalities of Jupiter muſt be obſerved 
according to the following Rule. 

Differentiam inter medium locum Jovis & apparcnten 
converte in tempus dando ſingulis gradibus min. 1;. hoc 
tempus adde tempori reſtitutionis macule apputato » þþ lo- 
cus apparens Jovis exceſcerit medium : ſnbtrahe vero (i de- 


fecerit a medio. 


We have then the mean time of the return of the 
ſpot, and to get the apparent time the,equation of days 
according to the method of Monlicur Caſſu:# (of which 
a Table 1s inſerted in the Ephemerides ot Monſtcur Fla- 
minio de Mezzavachi) muſt be madeuſe of. 

ME 


[8 ] 


MICROSCOPIUM: 


OR, 


Some new Diſcoveries made with and 
concerning Aicroſcopes. 
A Letter of the Ingenious and Inquiſitive Mr. Leeuwen- 


hoeck of Delft, ſent to the Secretary of the Royal So- 
ciety, Gober 5. 1677. 


N this Letter after the Relation of many curions 
Obſervations made with his Microſcope, he adds, 
< By ſome of my former Letters I have related what an 
« innumerable company of little Animalcules, I have 
« diſcovered 1n waters ; of the truth of which affirma- 
« tions, that I might ſatisfie the Illuſtrious Philoſophers 
of your Society, I have here ſent the Teſtimonials of 
< eight credible perſons; ſome of which affirm they 
<have ſeen 10000, others 3oooo, others 45000 little 
« hving Creatures, in a quantity of water as big as a 
* grain of Millet (92-of which go: to the making up the 
© bigneſs of a green Pea , or the quantity of a natural 
«drop of water )in the deſiring of which Teſtimonials 
<I made it my _— that they would only juſtific 
« (that they might be within compaſs) half thenumber 
© that they believed each of them ſaw in the water, and 
<eyen ſo the number of thoſehittle creatures that would 
© thereby be proved to be inone drop of water would 
© be ſogreat, that it would exceed belief. Now where- 
eas by my Letter of the gth. of QFober, 1676.1 affirmed 
«that there were more than 1000000 living Creatures 


*contained in-onedrop of Pepper-water. I ſhould not 
M have 
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have varied from the truth of it, if I had aſſerted that 
* there were 8000000; for if according to fome-of -the 
* included teſtimonials there might be found in a quan- 
* tity of water as big as a millet ſeed, no leſs than 45000- 
© animalcules. It would follow that 1g an ordinary drop 
© of this water there would be-no Teſs than 4140000- 
© living creatures, which number if doubled will make 
* 3280000 living Creatures ſeen in the quantity of one 
* drop of water, which quantity & can with truth af> 
<firm I have diſcerned. | 

© This excceds belicf. But Ido affirm, that if a larger 
* orain of ſand were broken into 8Boegooo of equal 
« parts,one of theſe would not exceed the bigneſs of one 
* of thole little creatures; which being underſtood, it 
<* will not ſeem ſo incredible to believe that there may 
be ſogreata number in the quantity of one drop of 
* WALEF. | 


Upon the peruſal of this Letter,being extremely de- 
he examine this matter farther + to be Art 
tained by ocular inſpection as well as from teſtimoni- 
als. I put morder ſuch remainders as I had of my for- 
mer Microſcopes (having by reaſon of a. weakneſs in 
my {ight omitted theuſe of them for many years ) and. 
ſteeped ſome black pepper in River water, but examt- 
ning that water about two or three days after, I could 
nat by any means diſcover any of thoſe little creatures 
mentioned in the aforeſaid Letter ; though I bad made 
uſe of ſmall glaſs canes drawn hollow for that purpoſe, 
and of a Microſcope that I was certain would diſcover 
things-much ſmaller than ſuch as the aforeſaid Mr. Leeuw- 
erhoeck had affirmed theſe creatures to be; 'but whe- 
therit were thatthe light was not convenient (the rea- 
ſon of which [I ſhall ſhew by and by Jhaving looked onl 
again(t the clear sky,or that they were not yet GE, 
which I rather ſuppoſe, I could not diſcover any. Icon- 
cluded therefore either that my Microſcope was not ſo 
200d asthat he made uſe of, or that the. time of the 

; year 


$R en - oO L m—; 
- _— — 


[33] 

year (which wy in Nevguader) was o. ſo fit for ſuch 
generations, or- elſe that there might be fomewhat a(- 
cribed to'the difference of places; as that Holland 
might be more proper for the production of ſuch little 
creatures thati Exgiand. IT omitted therefore farther 
toJook after them , for about five or fix days, when 
't a warm day, I examined again the ſaid wa- 
ter; and then much to wonder I diſcovered vaſt mul- 
ritudesof thoſe exceeding ſmall creatures, which Mr. 
Leenwenboeck, had deſcribed ; and upon making uſe of 
other-lights and glaſſes, as I ſhall by and by ſhew, I not 
only magnified thoſe I had thus diſcovered to a very 
great bigneſs, but I diſcovered many other forts voy 
Rn Cs a3 odacerd's a < 
(+) might be con- 
tained m one drop of water. I was very much [- 

zed at this fo wonderful a ſpeQacle, having never 
any living creature comparable to theſe for ſmallneſs- 
nor: 3 _ imagine that path Hr Ind 
inſtances of ſo ex minute anima Ons. 
But nature is not are oAvcr oy as appre- 

henfions ; future jmprovements of glaſſes may yet 
ther enlighten out underſtanding, and ocular inſpetti- 
on may demonſtrate that which as yet we may think 
too extravagant either to feign or PE, 
Ofthis, A later Diſcovery of Mr. Leeuwenboeck does 
ſeem to give good probabilities ; for by a Letter of his 
fince ſent (the which is hereunto annexed) it appears 
he hath diſcovered a certain ſort of Eels in Pepper- 
water, which are not in breadth above one thouſandth 
part of the breadth of a hair ; and not above a hun- 


dredth part of the lengthof a vinegar Eel. 
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Ar. Leeuwenhoecks Second Letter. - 


IR, © Yours of the thirtieth of November I received 
© not till Jerxary, whereby underſtanding the kind 
*reception of my former by the R. S. I here return my 
< acknowledgment to that 1]luſtrious Company for their 
« great civility :. but I wonder that in your Letterl find 
© no mention made of my Obſervations of the ſecond of 
© December, $t. No. which makes me doubt whether the 
© ſamecame to. your hands. | | 
© Since you aſſure me that what T ſend of this nature 
© will be acceptable to the renowned Society, 'I have ad- 
* ventured again to ſend you ſome of my farther Enqui- 
© ries, tobe communicated to that learned Philoſophical 
£ Company. SinceI-wrote of the Blood of Eels, and 
*of young Eels , I have not*been idle to-view Blood, 
© but eſpecially my own, which for ſome timeT have in- 
* defatigably examined, after that I had put it into all 
© concervable motions. Among which Obſervations T 
well ſaw that the -globuli of my own bload took the 
*fame figure which I formerly mentioned, that theGlo- 
© bules of the blood of Eels appearcd of to the eye: 
© upon ſeeing which I doubted again at the cauſe of the 
* {mart which the blood of the Eels cauſes in the eye. 
© Theſe my many times repeated Obſervations of my 
* own blood I made to noother end; thanifit werepoſ- 
<ſible, to obſerve the parts out of which the Globules 
© of the blood conſiſted : With obſerving this, I found 
©the globulous blood much more pliable than I did mma+» 
©gine the ſame before. I have at ſeveral times bended 
© theſe Globules before my eyes”, that they wete three 
*timesas long as broad, withour breaking the Veſicule 
*of them: and beſides T1 ſaw that the Globules of blood 
-in paſſing by and through one another, did, by reaſon 
*of their pliableneſs reccrve many ſorts of figures, and 
* eomingthenee intoa larger place,they recovered their 
former 


CIT 
« coming many together and growing cold there! 
« came to- unite, and" made a matter 'very 
+ wherein there were no more parts diſtin@& to be taken 


a ur we ſup- 
ed a 


balls of wax fet over a fire, 
Þr tic hey 


quickly be melted , and 
ay which uniting of the Glo- 
« bules, I concluded hhs20 be che reaſon of the acci- 
« dent which is called the cold fire, and of that alſo 
« which cauſes the hands or fin to be. loſt by cold: 
© but [leave this to others. And I did very: clearly: alſo 
« diſcover that there were fix other ſmaller Globules of 
« blood contained within each of the former -and lar- 
« ger Globulous Velicles: and withal, I took. much 
IN the number of the ſame ſmall 
- Fol lobules, out of which the greater Glabulesda con- 


that at laſt] y d, that every of the 
ter Globules c of fix ſmaller Globules, no 


« leſs pliable than the aforeſaid : for oftentimes I ſaw 


« tooblerver and withal "OE 


* very. clearly how the ſmall Globules joyned and ada- 
-ptedt $ ACCOT to the figuxe | the Vehcle 
© or larger Globule ftretched at length had taken, being 


© themſelves ſtretched after the ſame manner : and thus 
* made one of the larger Globules ſ{tretcht out, to ap- 

pear by the leffer within it ſtretched. alſo with it , 

© as arT it conſiſted of long threads. Moreover, .I 
« put the greater Globules into fo violent a motion, that 
«their Veſicles burſt in pieces, and then the- lefſer Glo- 
© bules appeared plainly to- be ſcattered. This firſt 
<Globule can ſee as plainly and great, as with the na- 
<ked: eye one ſhould look upon the eggs or nil 
*Cod- 
© About nine or ten years ſince Dr. Graff. © Kt 
my preſence the vein-of a Dog, and let out fa muctt 
n Fr lr that the Dog grew faint ; then he opened the 
«Artery of another Dog, _— a pipe a 
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<< flood of this fecond into the! firſt, whetoby the fark 

© Qor mjedied back imo the Artery of ſecond, a 
<the ſecond dog alive, faying, mk was blood: but 
-*no fooner was the nulk put no the w— þ bur the 
<dog died. And whereas 'tis £0 {aid that:malk 
is + therefore I ſhalt relate of what parts the 
-<Milk s. ſo far as I have hitherto diſcovered. [ 
have ſaid: heretofore that the Milk doth confiſt of 
immimg in a thin glear 'w 


Globules ſwi gs pune 
< which' we call Whey: but as the great + of 
<Blood 7p > OAT WM Er)" Aa they 
* are quite differing, bemg of as many 
: TY hr, *berween the fnalleſt nd, 
© and a-barkey corn ; all of them bemg as clear as Cry- 
< ftal; fave only that and between the ſame 
< drive ſome far particles forthe malt part roun- 
<* ded: theſe had a fatry fubſtance , which 1 imagined 
*to bethe latter : their irregularity I imagined came 
*from the imprefiion of the encompaſhng Globules 
* made on them, in which poſture they grew cold. 

< Viewing the aforeſaid differences of the Milk -Glo- 

< bules; 4 ſuppoſed that the Milk veſſels have no 
* other parts included but the matter out of which they 
<arcall made; and that the ſame matter, fo long as in- 
OR the _— confilted of one —_— _ 
* {a that one could. not diſtinguith- parts 3 and that the 
© fame velicl diſcharging gk 4” {TID AR Bans 8 
© velicts, containing a ſubſtance of a quite dificring na- 
crure, which I ſuppoſe to be the Whey, comes to be 
© ſeparated into theſe Globules of fo differing magni- 
* tudes. wr wha farts oggpans Aria =» ws veſ- 
« ſels filled, the one with Fat, repreſenting Whey ; the 
*Other with Qui , reſembling the uniform mat- 
*ter of the Milk : theſe blended _ the Quick- 
* filver will be ſeparated into finall Globules of differing 
* magnitudes, and kept diſtin&t by the fat. n 
r 
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X on wwencoa mtr pas. er 
* ble number of fmall clear Globules:, which makes ic 
© appear allo-28 whnte'aq hbjlc it telf: and'vhewee henee Tfap- 
« pole that:the whiteneſs of Mili hath the fame'carfe. 
© I have-been atten minded by ſome, that flefh was 
elſe: but clodded blood ; yet for all my cn- 
« deavours L wasneverableto find the firſt particles of 
*bload imtherfibersof the fleth, but only: fact a arc 
©The-la Gemenns being lickly for pareweds” I 
* voided. much Flegm., which was: green, as ao and 
« acid inthe throat, which yet contmues ; bur 
<near @-much as before: : and ſome-of it which Fvord- 
<ed.jn the morning was ob f© heavy a matter, that it 
« funk inthe water: the ponderoſity of it F found: to 
© proceed. from:its not filled with atry bubbles, 
. hiked "are mixed with. By this means [ 
« obſerved myFlegm very often, and found'it to-con- 
* uſb moiſture, mixce with many Globules ; 
| the Flegm was ;* the-greater was' the 
6 Globules; and fron, them alſo- procced- 
© ed the green colour of it. All theſe Globules were of 
© one and. the fame bigneſs with the firſt Globules of 
* rhe blood 3 and indeed the blood is of ' the fame 
* make, but only of a different colour: for as F ob- 
« ſerved the —_—_ blood! Globules to conſiſt of fix 
* leſſer, ſo here | could fee them more plain ; only they 
« ſeemed more flender and tender than in the blood : 
« the reaſon whereof I ſuppoſe tobe that the veficules of 
* the Flegm GClobules had already received ſome kind 
* of corruption : beſides, there wasmizt-with the tongh 
© part of the Flegm great quantity of very thin cuti- 
* cles: andinthe ſame manner as Fhave heretofore ex- 
plained how our cuticle is ſupplied underneath, as the 
<-upper part is rubbed off in-fearf, ſo ſuppoſe the 1n- 
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* the cold were very weak, and were unable 10 ftand ; 5 
* by which I conceive that thoſe which came not out in 
«the latter od mg pr gers remain the whole Winter 
< in their Webs, till the warmth makes them come our. 
©I was pleaſed to underſtand that your ſelf and the 
© Society had ſeen in ſo ſmall a quantiy of water as a 
* ſand, ſogreat a number of Creatures; as alſo, that I 
-hallbep partaker of what you ſhall obſerve, , which I 
with cannot but men- 
© tion that tha that Fall fore Ne ol Orearute which F hereto- 
© fore could give no tion of , I now ſee their fi- 
e. And for the pleaſure I take in the various plea- 
F-k ſhapes, with their motions, which do now and 
< then appear in the water, I have the fourth of this 
; os when it froze bard, takena third part of beat- 
*en pep per, and-+ of hi h rain water ina clean glaſs, | 
6 which T6 the firſtni ght in my Bed-chamber; the next 
© day, the weather _ milder, I ſctit in my Cou 
*houſe, and in three times 24 hours diſcovered fo 
* great 2 number, and {o unex refible ſmall ers 
« that 'tis hard to be conceiv 3 and according to my 
* zadgment, the moſt of them were much leſs than a 
« thouſandth part of the thickneſs of the hair of ones 
* head, and three or four times as long as thick ; the 
« which made, with the hinder part of their body , oft- 
© times ſo ſwift a progreſs, as when we obſerve a Pike 
* ſhooting through the water, and every ſhoot was in 
© length moſt times about half a hairs breadth ; the 
© other ſorts or kind of which were yet ſmaller , whoſe 
* ſhape for brevity I omit ; only I ſhall ay, that oft- 
times 


7 
* rirmies in” pepper-water whichs hank ood! ſoctewhat 
< long, ends. ſmall Creatures, I have feen a 
«ſort of 1 Eels had-cheir' ſhapes ani; moti- 
© 08 2s. perfett as great ones ; theſe were to; my 
« appearancea thouſand times thinner than the hair of 
< ones. head, and-that 1f -100 of theſe (mall Ecls were 
* laid in length one þehind another}, the whole length 
* would not. extend to. the h.of the Eel in vine- 
r + Whether you have obſeryed. theſe ſmall 
reatures with your Microſcope, I fhall be glad to un- 
/ derſtan, I would wilhegt y alſo be informed whether 
my Letterof the (7p of * December mention d above 
Kg your hands, and how thoſe Obſervations 
* do pleaſe the Gentlemen of your Society ; and alſo 
* to: agtenſiand thee yeraigh. ef 'eaie. 


The manner how the faid Mr.Leexwexheeck doth make 
theſe diſcovenies, he doth as yet. not think fitto. impart, 
for reaſons beſt known to himſelf; and therefore I am 
notable to acquaintyou with what it is: but as tothe 

aysI have made uſe of, I here freely diſcover that all 
fach perſons as have a defire to Nas any enquirieg 1n- 
to Nature this way, may be the better 1 ſo todo. 

Firſt, for the manner of holding tbe liquor, - ſo-as-to 
examine it by the Microſcope, I find that the way pre- 
ſcribed by Mr. L eexwenhoec is to-inchade the ſame in a 
very fine pipe of glaſs + {and then to-view. it by 
the help Mic: Cope: for by placing that. at. a 
dance, whatever is contained.in; th cd Howes 
will moſt eafily be diſcovered': The liquor acl moſt 
eaſily ra it{elf into the cavity of the ſaid pipe, 
if po end thereof only be. juſt put within the. li- 
; -Thisas it is exceedingly convenient for, many 
=— fo is it not very difficult-to- prepare'z but'be- 
caufe;every one is not inſtrufted, how to-.proceed in 
this matter, and it may cauſe him more' trouble: than 
needs to procure them, I will here deſcribe the way 3 
and ſo muckthe rather, beca _. the ame Hr 
| erve 
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ferve- forthe preparing of Microſcopes: as I ſhall af- 

Provide then a box made of tin, with a flat bottom, 
and upright on all fides; let this have fixed within it to 
the bottom a ſmall piece of tin, hollowed like a ridg 
tile, ſo that the wiek'of the Lamp may lie and reft 
on it, and let the Tim-man- fix on it a cover of tin, {o 
that there may be'only left one part of the aforeſaid 
box open, to wit, where the bent tin piece and the 
wiek do lie and come above the ſides: this cover may 
be turned back on its hinges, when there # occaſion to 
raiſe che wiek, or put in more oyl, G6. but for the moſt 
part ought to lieflat and covered; for whillt its uſing, 
it is neceſlary to keep the flame from ſpreading too 
much, and taking fire all over. This box muſt ſtand 
within another box of tin, made large enough to con- 
tifits the we of which is to- keep the former Lam 
80x froth fowling the board or table ow which 
ſtands « This tends upona board about one foot ſquare, 
into which is faftned a ſtandard or ſtick upright, cleft 
{>asto pinch and hold the ſodering pipe between its 
 whi win! rod nn gp Spent 

z th which pipe, blowing with breath, 
etl w be ed Rnward ich Sow f {wiftneſs 
and brightneſs : if then into this flame you hold a ſmall 
piece of a glaſs pipe, made of white glaſs, (for 
aſs, or coatfer glaſs will not be melted eafily in this 
&} afd keepirt turning ronnd between your fingers 
znd thumbs, you ſhall-find that the Reme willing 
ſhort time mett the __ of the ſaid pipe; 1o- 
thatif you remove tit out of the flame, and draw 
hands one from another, you may eaffly draw the for- 
mer pipe 1ntoa very ſmall frze, which will yet retain 
—_— hdrawrnever'ſo firafl. The beſt Oyl 

this purpole is good clexn Salflat Oy, or OyF Ohive ; 
but high reftified Sprrit of Wine # yet better , and 
cleanlier, but much more chargeable ; and for moſt uſes 
the Oyl Olive will-ſerve. This I have ſetr-down , be- 


cauſe 


wear Ons Mr ren withal, 
though they Men 
mom. Hon, mk por or herb 
not altog ſo conveniently. - But fm _— 
advile tee rnrnc ur oor arr 
know how tot and prepare 3 and fo it —— m3 ay 
mach more deſcri 
But this way Mr. Leexwwenboer 
s mourn. cnn. R_ 
genious, convenient EXAminations, 
amor; TunwFre A wa Sees oem 
this which 1 contrived myſelf for: my own trials, at 
leaſt for thoſe I make uſe of; whatit may 
I mketteninted of TT; ens anion 
a 2 very 
of Me gk i fra nnd ofthe = 
i Macro- 
3 but ene A gry need; eftal hitherto 
eos Microſcapes is not fo conmve- 
bewaruroiagr=mn. ob I lay thoſe by, and in- 
On mg the Tubeof the 
Microſcope, a cylindrical Braſs or Tron. U 
this a little ſocket-1s made to flide 1o:and fro; Eo 
web are and ak willſtand faſt in any 
ce. This hath faſtned toita joymed armiof three or 
joyns, and at the end a plate about the bigneſs. of 
a half crown, with a hole in the middle of it about 
three ds this-plate I'lay 
the Alyfeovy and upon whwry hkttle 
-of the As ro be examined ; then Jooking agpind 
the flame of a Candle, or a , or a:ſmall refle&tion 
of 'the'Sun from a globukr y; all ſuch parts of 
rhe wort py as have refradhon will manifeſthy 


By chizmeans' examined the water in:whiech 
N 2 I had 
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I- had: freeped 'the) Fi r\/rgentioned 5 
and asif Thad been 1ookmy npory a Sea; Inhale 
of ſmall fiving Creatures ſwimming and 

downanit; a mdeed very wond | $ 

. If the flameof the! candle were \defocwthe 
Microſcope, :then all thoſe lirrle Aron: 7 hes 

perfealy defin'd- by. a black line , andthe of 


[em ſmewhat da er than thewater; butif the:.can- 
dle were removed a little out of the axis of viſton; all 
tho little Creatures appeared like fomany fimall pearls, 
or little bubbles of air, and t he liquor i whi which by 
(wimmed'a ed dark; but 

to dry off, bending of the ſuperficges of the ks 
over their backs, and overthe tops -o- other ſmall motes 
which were in the water made a "confuſed appearance, 
whach : ſome not: uſed to theſe. kind of examinations, 
took tobequie differing things from, were 
really; arid the:appearancesHere are fo ve E, 
that to:onenot welt'accultomed to:the phznomena of 
fluids of differing figures and offline. the examina» 
tions of: fubltances this way will be very apt to nuf-in» 
Jorn;itather than inftru&hini; cſpecially:of ſuck ſube 
Lances as are not 1 wid, and wall 'not! reddily 
and"-naturally ſmooth their 'own' fuperficies ; fuck as 
Tallow, othicrized yis, Marrow, Brains, Fat, inſpiſſa- 
ted juyces, cc. for'i thoſe ſubſtances be ſo examined 
by ſpreading them upon'this plate , and be looked up- 
onagainſtthe candle, — ee-other htbdeGnet Y ht'; al 
the incquahttes left onthe ſurface by the ſpreading do 
by the refrattions of therays of I bent fach-odd 
appearances, that they will ealily-decerve the examina- 
tor, and; make himto conceive that to be 1n the tex- 
ture of the part: which is really no where but 'in the 
make of the ſuperſicies of it. . This therefore! as ano- 
ther great i recidas to be met with in Microſtopt- 
cal ryations, I prevent by theſe enſuing methods : 
Firſt, all ſuch bodies. as Fat, Oyl, Brains, Rhobs, Par, 
wugh.concreted Flegm , and ©” hike , whoſe ſurfaces 


arc 
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to be reduced ta-ſmoothneſs 
| examined, I order.in; this man- 


very clear and:thin piece; of 
aking eG s Sos very haven and plainon 
and oe foulnels : upon the furfaceof this Ll 
Para mar — L laſt mentioned ,/ then w 

uch another piece of 'Looki late laid 

Ce yon erent ere bogs 
the ſurfaces of it very ſmooth , but alſo to-make the 
ſubſtance of it very thin; becauſe otherwite.,, if the 
ſubſtance be pretty thick, as ſuppoſe as thick. as-a piece 
of Yerice paper, it it be a whitiſh ſabſtance., the mul- 
titudes of parts lying one upon: another in ſuch a thick- 
_—_—_— {o cond =J hr, that —_ _—_ all 
can ut plates 
hard, and clo Sy para to a twentieth 
part perhaps of progres thickneſs, the ſubſtance may be 
well looked through, and the conſtituent parts may 
be very plainly diſcovered. - Thus alſo. 'tis very vilible 
in the Globules of milk and. blood, diſcovered by the 
ingenious Mr. Leeuwerhoeck,, for when either of thoſe 
fl 
bules confound and thicken the liquor ſo as one. cau- 
nor perceive any thing until it be run- very thin; for 
then all the remaining Globules with their motions may 
very diſtindly be apprehended. This therefore is. an 
expedient . by which thouſands of ſubſtances may be 
examined ; and therefore the more fit to be communi- 
cated, that. there may be the greater number- of ovſer- 
vers well accommodated for Rich trials. Theſe plates 
therefore may be contrived ſo as to be pmched = 
ther by the help of ſcrews, and a frame, "hat the 
they may be Prana the cloſer and the evener Apr = 
as there ſhall be occaſion; . and may be kept firm and 
ſteady: im-that poſture; and then , - that it may ſome 
ways-or other be conveniently faltned to the. former 
plate, ſoasto be moved this way or that way ſteadily, 
as there ſhall be occaſion. 


are thick, the multitude of thoſe little Glo-. 
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the bo- 
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for inſtunce , the parrs of fleſh, muſcles and tendons : 
for if you view the fibresof a muſcle on- 


ly with the air, you cannot diſcover the {mall partsout 
of which it is made : we, 7 4: ure _ 
quor, as Water, or EAT Oyi, YOu clearly 
a as b ly very admirable, and fach as 
none hitherto hath diſcovered that ever I could meet 
with ; of which more hereafter, whenlT fhew the true 
mechanical fabrick ——_ what cauſes its _— 
Thus if view a thred of a 
y Keke tobemadeup'of an 7s ns 
exceeding finall enthnich and round , 
together; each of which threads is not above a yo 
hundredth part of 'the bigneſs of a hair : for compa- 
ring thoſe of Beef with a hair of my head, which was 
very fine ahd finall, 'viz.ubouta 640.part of an inch, 1 
found the Diameter thereof to be:more than t 
tines the Diameter of thefe threads; ſo that no lef 
than 163 tmillions, befides 340 thouſands of theſe muſt 
: be ih a higament one meh:{quare. I ſhall not here et- 
Hrge upon the admirable contrivance of Nature inthis 
«omg nor ſay anyt farther of 'the reaſon of 
er ſtrength of the fame ſubſtance drawn into 
than 1 wh, preater chikdr: but only this m ge- 
neral, that the mechanical operations of 'theſe minute 
bodies 


Is imagies the attians: of theſe 
leſſer. bodies the fame with thoſe of the 
nd- tractable bodies, will indeed make but - &ri- 
Fhus pu 


one will eafily contrive. when 
im of the uſefaineb thereaf 


he parts ſtretched and thrunk | 
diſcovered. Now as this is of ule for ſome kind! of 
fubſtances , fo the two glaſs plates are for others, and 
particularly for ſqueezing of ſeveral ſubſtances be- 
tween them, ſo as tobreak them in pieces, as thoſe lit- 
tle Creatures in pepper-water, er the Globules in blood, 
milk, flegm, &'c. whereby the parts within them -ma 
ret farther beenquired into, as Mr.. Leewwerhboeck E 
dane by his Obſervations. Whether he makes 
uicof this way, or ſome other, Tknow not. 


Having thus given a.deſcription-of the appurtenan- 
ces, it remains that I come to: the deſcription of the Mi- 
cro- 
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croſcope it ſelf , which is the principal inſtrument, and 
without which all the reft are mfigni - RNAS 

The Microſcopes then I d Te to deſcribe, are 
only of two kinds, cither fingle or double, - - 

The ſingle Microſcope I call that which confifteth 
only of one glaſs , though it have a double refrafting 
ſuperficies; and the double one I call that which is 
compounded of two glaſſes, thought hath for the moſt 
part a quadruple refraction of the Rays. 

The fingle Microſcope then confiſteth of one ſmall 
lens ſo faſtened into a cell, that the eye may come con- 
veniently to look through the middle part or Axis of 
it ; of theſe there are various ſorts,as double Convexes, 
or plain Convexes, or perfedaly ſpherical. 

I ſhall not need to deſcribe the common lenſes which 
are every where made uſe of for this purpoſe, being 
Pplano-convexes of Spheres about half an inch Diame- 
ter, ſave only this, that 'tis beſt -to- turn the plain fide 
towards the object, and the convex to the eye : nor 
ſhall Tſay much concerning thoſe double Convex Glaſ- 
ſes , there being no great difficulty in the making or 
uſing of then ; but that the ſmaller the ſphere 1s in 
which they are made, the nearer do they bring the ob- 
ject to:the eye; and conſequently the more is the obje&t 
magnified, and the better and truer they are poliſht in 
the Tool, the more clear and diſtinct doth the objet 
appear, but to make any of a Sphere leſs than & of 
an-inch in Diameter 1s exceeding difficult, by reaſon 
that the glaſs becomes too ſmall to be traftable 3 and 
'tis very difficult to find a cement that will hold it faſt 
whilſt it be completed 3 and when 'ris poliſht, 'ris' ex- 
ceeding difficult to handle and put into its cell : bes 
ſides, I have found the uſe of them offenfive to my eye; 
and to have much ſtrained and weakened the fight, 
which was the reaſon why I omitted to make uſe of 
them, though in truth they do make the obje&t appear 
much more clear and diſtin&t , and magnifie as much as 
the double Microlcopes : nay, to thoſe whole eyes can 


well 
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 wellendure it, 'ris poſſible with a fingle Microſcope to 
becauſe the colonrs which do much diſturb: the clear 
viſion in double Microſcopes is clearly avoided and pre- 
vented inthe fingle. The fingle Microſcope therefore 
which I ſhall here deſcribe, as it is exceeding eafie to 
make,fo is it much more tractable than thedouble Con- 
_ =_— made the common way by working them in 
(0 
ſu 


ow Hemiſphere with water and ſand ; for thoſe, 
them made with all the accurateneſs imagin- 
able, will be far ſhort from: being-ſo well poliſht as 
theſe; and wanting the ſtem or handle which theſe 
have, they are infinitely troubleſome to remove. or 
place, or to cleanſe when there ſhall be occaſion. 

Take then a ſmall rod of the cleareſt and cleaneſt 


glaſs you car procure, free if poſſible from blebbs,fands, 
ns 4 then by melting it in the flame of a La 

made with Spirit of Wine, or the cleaneſt and =T 
Sallet 


w it out-into exceeding fine and ſmall 
threads; then take a ſmall piece of theſe: threads, and 
in the ſame flame of the aforeſaid Lamp melt theend of 
it, till you perceive 1t to run into a little ball or glo- 
bule of the bigneſs defired ; then ſuffer it to cool, and 
handling it by the aforeſaid thread of glaſs, whichisas 
it were a handle to it, fix it with a little wax upon the 
ſide of a thin plate of Braſs, Silver, or the like, that the 
middle of itmay hedire&ly over the middle of 4 ſmall 
hole pricked through the ſaid thin plate witha needle : 
then holding this plate cloſe to the eye, look through 
the ſaid little hole, and thereby you may alſo ſee very 
clearly through the aforeſaid Globule , fixed with wax 
on the (ide that is from the eye : if then either by a lit- 
tle joynted arm, or by alittle foft wax, and a needle, 
or a thin plate of Muſcovy glaſs, you fix the objet you 
would examine 3 ſo that it may beat a due diſtance fron 
the ſaid little Globule, you will perceive the minute 
parts thereof very diſtin&.The focas of a ſphere looked 
on by the naked eye, is about half the redias of the 
O ſphere 


Y ——— _ oy ax—_u_— —_——_g—_ how _— 


- 
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ſphere, without the ſuperſiczes of it 3, but this is varied 
mach by the age of the eye that q_—_—_ by 
the imagination alſo of the , and by the differ- 
ing ſpecifique refra&ion of the glats made uſe of. 

By .this means I have prodigiouſly magnified fome 
{mall bodies, infomuch thar I have been able to ſee and 
diſtinguiſh the particles of bodies, not only a million 
of rimes ſmaller than a viſible pomt, but even to-make 
thoſe viſible, whereof a million of millions of them 
would hardly make the bulk ofthe fmalleft vitible ſand ;, 
fo. prodigioufly do thefe exceeding little Globules of 
laſs infarge the proſper of humane fight imo-the more 
private receſſes of _ | : | =" 

It the things to be viewed be liquors, they may 
mcluded ether in thofe little pipes of Mr Leexwezhoeck 
E newly mentioned, or elſe they may be put upon ex- 
eceding thin plates of or Selenites, and 
the other fide of the-platemay be made to touch the 
Globule, or atleaft be fixed at fuch- diftance, as ma 
make the parts of the liquor diſtin&: If you: make ule 
of a Looking-glats plate to ſpread theliquor-upon you 
would examme, you may turn the hquor towards the 
Globule, and you may therem eaftly tee all the parts 
very diftmctly, without at all hurting the profpect: b 
the interpoſition of the Myſcovy glaſs; which h 
x be exceeding clear, eſpecially rf the plates be very 
thin, yet hath it ſome flaws, and fome opacoufneſſes in 
1, whichdo ſomewhat cloud the profpett. 

If further, you would have a Microſcope with one 
Unglerefraction,and conſequently capable of the great- 
eft clearnefs and brightneſs that any one kind of Mi- 
croſcopes can poſibly be imagined ſuſceptible of, when 
you have fixt one of thefe little Globules as I have di- 
rected, and ſpread a little of the liquor upon a piece 
of Looking-glaſs plate, then apply the ſaid plate with 
the Itquor, next to the Globule, and gently move it 
cloletothe Globule, till the liquor touch; which done, 
you will find: the liquor preſently to adhere _ 

Qsv- 
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Globule, an fill toadbere'eo i though you move t 
again a little; by which means, this liq 2e being 
of a ſpecifique refraction, not much differing from glaſs 


the ſecond refrattion is quite taken off, and little or 
none left but that of the convex fide of the Globule 
next the eye; by which means as much of the incon- 
vemence of refraction as is poſſible is removed, and 
that by the eafieſt and moſt practicable ent that 
can be defired. I could add various other ways of 
making theſe Globular bodies both of glafs and other 
ſubſtances which will yet farther advance onr proſpe&t 
into nature, and are pleaſant to admiration; but thoſe 
ſhall yetreſerve till I ſee what effets the pubhſhing of 
theſe may produce, and to the end to excite other 
pane to be inquilitive into this matter : for let me af- 

them, very much more may yet be done by a way 
know, than by this I have here iſhed. And [ 
confeſs F have yery often wondered that no farther im- 
proyement had been made of this Principle, ſince E 
Pr it in the year 1664. inthe 20. page of my Pre- 

to Micrographia : for though ſome other reaſons 
difcou me from proſecuting thoſe enquiries, 
yet I hoped that others might long before this have 
carried it much farther. 

The only inconvenience in theſe kinds of Micro- 
ſcopes, is, that the obje& is neceſlarily brought ſo near 
the glaſs, that none but fuchas are tranſparent, and to 
be viewed by a through light are capable of examina- 
tion by them : ſuch therefore are to be exammed by the 
double Microſcope 3 which, as it 1s abundantly more 
tractable, ſo doth it much leſs ſtrain the eye; and from 
the eafineſs of its uſe, when well fitted , 18 much more 
pleaſant : andif ordered as it ought, will magnifte as 
much more than the common ones hitherto made, as 
thoſe did more than the naked eye. 

Both theſe Microſcopes I have directed Mr.Chriftopher 
Cock, in Long-Acre, how toprepare,that ſuch as willnot 


trouble themſelves in the making of them, may know 
O 2 where 
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where to. be. accommodated with ſuch as are good. 
And ofthe improvement of this kind of 'Micro- 


ſcope, I ſee no limits, eſpecially as to the —— 
the Wile appearance of ſuch objects as are capable of 
enduring the increaſe of light; for fince 'tis demonſtra- 
ble that light may be. augmented upon any one object 
fuſceptible to any given degree, and that by the double 
Microſcopethe image can be augmented to any afſlign- 
ed magnitude , what but the iſficuley of making all 
things correſpondent ſhould limit the power of ſuch an 
inſtrument. . Now the making of this double Micro- 
{cope, though it be ſomewhat more difficult than of the 
ſingle one, yet the traftableneſs thereof when well fit- 
ted,. and its eaſineſs to be cleanſed, and applied to uſe, 
makes amends for the extraordinary charge , eſpecially 
the ſituation of the objet; which being capable of 
any reaſonable diſtance, from the objet glaſs, ſo as 'to 
be fit for examination, makes it very defirable. Now 
a5 in all other mechanical contrivances , that is beſt 
which 1s plaineft , and moſt ſimple : fo 1s it in this, 
wherein nothing more 1s required, but two plano Con- 
vex glaſſes, the one for the; objed-glaſs, and the other 
for the eye-glals :. the leſs the ſpheres of theglaſſes be; 
the more do they magnifie the abjet ; and the thinner 
and clearer the ſubſtance of them be, and the more ex- 
ally ſhaped, and the brighter they are poliſht, the 
clearer do they repreſent it ; and the longer the glaſſes 
are diſtant from each other, the more is the image mag- 
nified, ceteris paribas, though indeed the fame thing 1s 
performed by gotms of very dittering magnitudes, due 
proportions of all things about it being __ and ob- 
ſerved.. For if as the diſtance of one objett from the 
object-glaſs is to the diſtance of another object froman- 
other object-glaſs, ſo the diſtance of the firſt image be 
tothe diltance of the ſecond image, the image in both 
mult be - :.1f therefore this image be viewed with 
equal glaſſes the image muſt be equally magnified at 
the. bottom af the eye ;, ſo that in this way the abjet is 
capable. 
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capable of a double way ot'augmenting, viz. firſt, the 
augmenting the figure in.the Tube, by-the CalincG a 
the objeQ-Glaſs, and lengthof the Tube: and ſecond- 
ly, by the a ing that image in the bottom of the 
eye; and that is by the Eye-glaſs ; give therefore light 
enough to the object, and you may increaſe the image 
at the bottom of the eye to what proportion you ſhall 
defire. And by a way I ſhall ſhortly ſhew, the objetts 
may be percerveddiſtin(, defined, and colourkeſs, as if 
ſeen by the naked eye. In all theſe ways the manner 
of applying the light is very ſignificant, and provided 
it be very ſtrong, the ſmaller the point be it proceedeth 
from, the more diſtinctly doth it exhibit the difference 
of retraction in the tranſparent bodies viewed by it, and 
the -plamer will their parts be diſcovered: The light 
therefore of the Sun either refleted from a Spherical 
Convex body, or Spherical Concave body, the object 
being placed beyond the focxs, or Refracted through 
a Concave or througha Convex,tf the obje&tbe placed 
ond the focas, doexceedingly well. But theſe with 
the help of a dark Room do yet better, the object 
being placed in a Table agamſtthe Light, andall other. 
Lighrſcreen'd from the Eye by the Dark Room. Much 
the ſame thing is done by the Light of a Lamp or 
Candle in the Night, which 1s indeed the moſt:conve- 
nient Light, where Colour is not ſo much looked after. 
Whileſt this Diſcourſe: was Printing I caſually met 
with a Treatiſe of P. Cherxbine, Printed at Pars, 
1677. Entituled, LA VISION PERF ATTE, 
ou les conconrs des deux axes de la Viſion en un ſcenl point 
de | objed; Wherein the Author pretends amongſt other: 
things to have promoted Microſcopes extreamly by 
ſo joyning two together, as through-thenr to ſee the 
ſame obje&t diſtin&t with both the Eyes at once, and 
to ſee a large objedt all-at one view, by which. he at- 
firms to have diſcovered ſome. miſtakes and untruths: 
in ſome of thoſe figures I have formerly publiſhed in: 
my Micrography. . But if he = pleaſed to have _ 
| 2 the. 


Pens butdcs named chin by Barter 


he wouldſeem to be. Ideny not but that there are mary 
failures in ſome of thoſe draughts, ſome of my ownand 
ſome of the gravers committing. Huwanun But 
thoſe which he charges for ſuch are not, as hemi 

have ſeen if he had madeuſe of better glaſſes than thoſe 
which he deſcribes, for they are ſo far ſhort of equalling 
thoſe I uſe, that I can demonſtrate from his own De- 
ſcription of them, that thoſe I made uſe of did magnifie 
LOOGO times more than that with which he pretends to 
have made theſe great Diſcoveries, Nor 1s it any thing 
more than common to ſee as large an Area as he. men- 
tions, with a glaſs that magnifies no more his 
doth. But I could have ſhewed him how he might 
ſee the whole L_ _ and yet much more 
magmfic than that which I have deſcribed, nay though 
the Creature were twice as big, and that with one Eye 
only, which is much to be preferred before that with 
two. However I ſhould be very glad to hear what 
Diſcoveries he doth make with his binocular Micro- 
ſcopemorethan wasſeen before. As alfo that he would 
pleaſe to demonſtrate the truth of Parallelogram pre- 
ſcribed for certain uſes, pag. of Dioptrique Ocu- 
laire, and inthe Fourth Chapter of the Fourth Part of 
this Book. But to digreſs no farther from what I was 
deſcribing. I muſt add that with both theſe kindsof Mi- 
crolcopes havel examined ſeveral fubſtances; as par- 
ticularly the ſteepings of ſeveral grains and ſeeds in 
rain-water. And though I have not yet found any one 
tincture more prolific this of Pepper ; yet 'tisnot 
the only tin&ure in which they do both breed and in- 
creaſe.I haveſeen ſeveral forts in the (teeping of Wheat, 


Barly, Oats, Coffee, Anmiſeeds, Peaſe, ec. ſome not 
above a third part of a hair im thickneſs; others not 
above the twentieth part of the breadth of a hair, and 
ſome not more thana thirtieth part of that breadth; ſo 
that no leſs than goo of theſe leaſt muſt go to make an 


area 


LET 
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. ave as bias that of an hair car tranſverſly ly and 2 
LT Cylnder = g2+ the hair of onevhead. and 
of equal height with the] er of that hair, which 
one' may jatt call 2 viſible pomt, and no more; few 
eyes ſeemg thmps diſtintly much ſmaller: Now the 
Diameter of 2 bair of my being examination 
found but the 640 part of an inch, i folfows that no 
tefs than 19200 or to nſe 2 round fm atone 20000 of 
them may he m the length of arrinch, and confequent- 
ty, that a circle an met} Dramerer will be to the arcs 
of one of thefe cur tranfvertly as 406000000 to r. four 
tumdred millions to t and a Cyſmder one inch Dia- 
meter,and one inch high,will be to one of thefe mires,as 
jig a to-one, ok milons of RE to 
One. erefore we'compare the magnitude of one of 
theſe animals tothe magnitude ofathercreatures living 
m the water, we fhull find that theſe will be found won 
ſmaller m- c wor to the body of an ordinary 
Whale, than the body of the fame Whale will be to- 
the body of the' whole Earth; which may prove an 
argument for an azima mmdi perhaps to ſome. But let 
every one make his own inferences, and. believe his 
own eyes, for they will make the beſt impreſſion on 
his reaſon and belief. Now if the Creature be fo ex- 
ceeding ſmall, what muſt we think of the Muſcles, 
oynts, Bones, Shells, ec. certain it 1s, that the Me- 
chaniſm by which Nature performs the muſcular moti- 
on is exceedingly ſmall and curious, and to the perfor- 
mance of every muſcular motion in greater Animals at 
leaſt, there are not fewer diſtin& parts concerned than 
many millions of millions, and theſe viſible , as I ſhall: 
hereafter ſhew through a Microſcope 3 and thoſe that 
conceive in the body of a muſcle, little more curioſity 
of mechamiſm than in a rope of the ſame bigneſs, have 
a very rude and falſe notion of itz and no wonder it 
they have recourſe to Spirits to make out the Phaxno- 
mena : but of this bereafter more. | 
Further, I have examined the conſtitution of Blood, 


Mulk, 


_ 
Milk, Flegm, ec. and found them much'the ſame with 
what Mr. Leewwenhoek has declared. A little fat laid 
upon the glaſs plate whilſt warm, melts, and becomes 
tranſparent, but obſerved in a convenient poſture a- 

inſt the ight of a candle, &c. till it A and 
Nr make a pleaſant fluid, and ſhews how conſfi- 
derably a fluid and ſolid body do vary, and may give 
- us a good hintto conjecture at the reaſon of the ſwel- 
ling and greater lightneſs of Ice than of Water. The 
frll beginin alſo of the ſhooting or cryſtallifing of 
Sugar into rectangular parallelipipeds, Alum, Salt, Vi- 
trio], e>c. are ſtrangely ſurprizing and inſtruQtive, I 
- could enumerate multitudes of theſe. 

But (that I may not detain the Reader toolong in 
the peruſal of theſe anatomical deſcriptions of the mi- 
nute and inviſible parts of animal ſubſtances ) to eaſe 
both his eyes'and imagination I ſhall proceed to ac- 
quaint him with ſome Anatomical Obſervations more 

enſible, and which do ſeem more nearly to concern 
_ And thoſe are contained in the enſuing Diſcourſe, 

ng 
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A Relation communicated to me in a Letter by that imgeni- 


ons and experienced Chirurgion Myr. James Young of 


Plimouth , i: the beginning of January laft, of thefatal 
Symptoms cauſed by a Bullet ſwallowed into the Lungs. 


IR, In the beginning of April, 1674. one Mr. Ar- 

thony Williamjon of Tikard in Corzwal, aged about 
65 years, of a brisk, firm habit, became (after a too li- 
beral drinking of Cyder ) affiited with the Colick, of 
which in four days he cured himſclf,by ſwallowing two 
Musket Bullets, and receiving ſome Carminative Cly- 
ſters. On the 12. ofthe ſame month, his pain returning 
fomewhat ſmarter than before, he attempted to ſwallow 
three Piſtol Shot, and ſuppoſing it the eaſieſt way, he 
lay on his back, and threw them all at once into his 
throat; where they choaking , had almoſt led 
him ; conſtraining him to vomit, &c. When they were 
down, he became ſeized immediately with a violent 
Cough, Wheafing, pain in the left fideof his Breaſt, a 
t noile in reſpiration , more eſpecially after a fit of 
Coughing, for then his Breaſt would hiſs, like the fuck- 
ing of a Pump , when the Air deſcends through the 
boxes. | 

Theſe accidents fo ſuddenly occurring, without any 

manifeſt cauſe, did much ſurprize him, and the more, 
becauſe he was naturally of a ſound breaſt z the Co- 
lick was cured by Clyſters,Potions of Manna, ol.amyg.d. 
ee. and two of the Shot were ſoon ejected, ex ano, 
and maugre the other accidents,he became indifterently 
well, and able to walk about houſe. 

Fiveor fix weeks afterthis, thoſe ſymptom s became 
more fierce, depaupering his ſpirits, proltrating his ap- 
petite, diſquieting his {Jeep with dreams,a Dyſpnea, and 
rutling violent Coughza ſtraitneſs and load in his Breaſt 
kept himin bed, extenuated his body (which without 
help of Milk Clyſters, was coſtive)) he trequently fain- 
ted with (weats, and a tickling fleepineſs in both legs. 

P N- 
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Under the tyranny b.. this legion of ſymptoms, ous 
Weſtern Apollo, Dr. Bidgood of Exeter was 
who affirmed them all ro be cauſed by the remaining 
Bullet, which pafling through the Laryrx,was fallen in- 
to one of the branches of the Trachee , where it would 
abide, in deſpight of any endeavours to eject it : yet 
to alleviatethe violence of the accidents, he direfted 
to the uſe of emollient Eclegme's, temperate Cordials 

&c. by help of which, and ſome other propitious 

circumſtances, he not only recovered his legs, becoming 
able to walk, and ride a fmall Joarney, bur alſo confum- 
mated with a young woman of 25+ whoat- 
terward brought him two Children, whereof vne)isnow 
alive, and'very ; and was ſeven months with 
a third, when he died : the more wonderful it the wo- 
man were juſt ro him (of which there appeareth norea- 
fon to doubt) becauſe a very little motion would ſoin- 
vr hoon ty of breathing, as to make ham faint. 

" After Martimony he had divers lucid Intervals, at 
times would be very brisk, atd at others very 
and faint, like a dying man : he continually e 
ted, ſometimes grumous coagulated Blood, otherwhiles 
very recent; now purulent fottid matter, thet laudable 
ps. His natural averſion to Medicine cauſed him to re- 
ject what was adviſed by Dr. Bidgood, Dr. Lower, Dr. 
Sprage, Oc. favin bow of the more ſlight mixtures: 

And although Sack had been formerly very tamiliarto 
him,he cond forced to ſhanit,and all (ſtrong Drinks, 
becauſe they would infallibly produce a Caraialgia, a 
pulſant throbbing of the Heart, and labouring in his 
Breaſt: the farſt of theſe perhaps proceeded [; om his 
Conſtitution, which inclined to Choler ; but the lat- 
ter undoubtedly,from the efferveſcency, and warm mo- 
tion, towhich it enforced the Blood, which the ob(tru+ 
on and preſſure the Bullet occaſioned in the Prnenmas 
tick, organs, could not peaceably admit of : wherefore 
he refolutely fixed to ſmall Drink, and ſhunned, as 


much as poflible, all evitable Exercile, laving that of 
his 
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bis bands which he frequently _— in making 
kT 1676. he applied himſelf to our ingent- 


ous and learned Country-man, Dr Majow of Bath, wha 
with Dr. Bidgood , that the remaining Bullet 


lodging | in the Lungs, wasthe occaſion of all thoſe ill 
CEN under which he —_—_ _ but ſeemed to 
iſſent from bis preſa 


ws ,by 25 we. wy might expectorate 
It: to atchieve whic ed to Fr the rare 
ſuſpended head downwards, and fumes of Storax, Ben= 
jamin, &c. to induce expullive Coughing, together with 
eoncuttions of the body,and all preceded 'with-ari oþen- 
ing courſe, to relax, and dilate the veſſels of the Breaſt ; 
all which were uſed to no purpoſe, ſave to verifie Dr. 
Bideoods Prognoſtick, that no effiation , how violent 
ſoever, would be abletoextrude it, and iintiaunce the 
Patients deſpair of being ever cured ; from which time 
he never attempted it : ſo thatthoſe ſymptomes before 
mentioned, continuing until the Winter, and then gain- 


ing conſiderably on him, eſpecially the Hemeoptyſi, Oc. 
he languiſhed till the ninth of Promadis laſt, and then 


died. 

The tenth Dz#to (aflifted by his Son-in-law)T open- 
ed the Thorax, in preſence of two other Chrrurgions 
of theplace , together with divers perſons of Quality, 
whoſe curiolity led them to ſee the examination 3 be- 
cauſe the Bullets being there, was ſo much doubted by 
many, and diſputed as impoſlible by others. In the dit- 
ſeqion the following particulars were obſervable, 

The Body was extenuate and tabid, 

The right lobes of the Lungs were replete, ſound, 

and well coloured. 

The Serum 1n the Pericardinm was almoſt all abſu- 

med, 

The Heart ſtrangely ſhrivelled and very ſmall. 

Under the Pericardium (the Body being ſupine) we 
found a lump of coagulated Blood, as big as a Pigeons 


Egg; near which lay allo a ſubſtance , ſhaped like an 
OE 2 obtuſe 
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obtaſe headed muſcle, having a Tendor-like tail, which 
infinuated to the Pendant Lobe : Its body was above 
an half inch thick. Its other dimenſions and ſhape ex- 
atly like that of the figure X, of which A ſheweth 
the head or upper end, B the tail , which in drawing 
out of the rotten Lungs (being alſo corrupted) broke 
aſunder. Its Texture one brous , like that of the 
Kidneys, being white one half way through, thereſt of 
a dark red: it was very ſoft and plum, having a firm 
ſmooth tegument, and felt very much like a Sheeps kid- 


he lef Lobe of the Lungs was cadaverous, and 
hollow, by an abſceſs which had diſcharged near a pint 
of very fetid and purulent matter, into that (ide of the 
trunk where it-lay immured up, by the adheſion of the 
Lungs on that ſide, to the Plewra, which with the Dia- 
Phragma, as, far as the matter extended, was livid, and 
eroded | 

We examined this rotten part of the Lungs, with 
what exadneſs and curioſity we were capable of, amid(t 
ſuch a-crewd as were preſent z and the more trouble- 
ſome ſtench of the Cadaver ; and found though the 
whole Paregchyma. were rotten, and no firmer than co- 
agulated Blood (with which it had very near reſem- 
blance) yet the branches of the Trachea continued into 
It were uncorrupt, and found ; nor inany of them could 
we find what we very confidently preſumed: to be 
there, viz. the Bullet. 

Wherefore I reſolved to ſeek it the way by which it 
mult have entred ; and accordingly dividing the 
Trachea at ts inſertion to the Lungs, I thruſt in a ben- 
ded Probe to the left branch, and there felt him, lying 
looſe about twoinches-within it, which with my. fin- 
gersI eaſily expreſſed at the divided end of the pipe: 
to do which, 1 Jaidit bare ſo' far as where the Bullet 
had-lodged; and I proteſt, to my wonder, I found it 
not any way injured, oraltered, by hardneſs, erofion, 
&c. though the Bullet had divers impreſiions. from the 
later., The. 
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The fanguiferous veſlcls, though lacerated, and cut 

inthe diſſection , did yield little or no Blood, either 
fluid or coagulate. 
Thus far 1s true Hiſtory, and matter of fat; I muſt 
now beg your pardon, it I preſume to give my ſenſe, 
and a pprehenſion of ſome of thoſe Pheznomena here 
related. 

The extenuation of the body, the abſumption of 
the ſerum in the Heart-bag, and the contraction of the 
Heart, were the ecffets of the Tabes ; and that occa- 
__ by the Bullets injuring the Lungs, and pectoral 
veilels. 

The lump of coagulate blood found under the Heart- 
bag was extravaſate from the rotted veins, and arteries 
of the Lungs. | 

That ſtrange ſubſtance lodged between the Pericar- 
dinm, and the Bullet, was either a Polypws, and the ex- 
creſcence of ſome part, or it was generated by nature, 
and ſubſtituted for a cuſhion to-detend the Heart from 
injury, by ſo uneaſie a neighbour. That Polypuſes have 
been found in the Heart, 1s affirmed by Nicolas Tulpize, 
Marcellus Malpighizs, G. Garnarws, &c. but their ſhape 
and texture dittcring vaſtly from that of. ours, giveth 
reaſon to believe this to be none; eſpecially confider- 
ing that they all excreſcing. from the Heart ,, or ſome 
carneous part, are inſeparably united and radicated to 
their original, and are.ſpungy 3. whereas this was no- 
thing leſs, having no root, nor ſo much. as an adheſion 
any where, ſaving at the tail 3. the ſmall-end. of which, 
being rotted by the Lungs, into which it coggnued, 
did eaſily divide upon my endeavour to. draw it out : 
the body of 1talſo lay looſe in the aforeſaid interſtice, 
and as eafily {lipped out, as a Wen, or a Strzma, . when 
the containing parts are opened. . Its ſubſtance was not 
fungous, but of a ſoft- firmneſs, like. a Kidney 3. and in 
what ever circumſtances 1t may reſemble a Polypus, as 
it doth the figure of thatof the Noſe, vide N. Talpiz 


ob.med. lib.1. ob. 26.yet it alſo.differs from all other _ 
CTELe- 
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creſcences, befides, in what hath been mentioned, in 
that it was not rooted in any fleſhy, bony, or muſculous 
part 3 and ſuch the Lungs are well known not to be: it 
muſt therefore be the ſtupendious effect of Natures in- 
duſtry, and laid as a cuſhion to defend the Heart, e$c. 
Its compoſition being ſo delicately foft , and yet firm 
enough forſuch a purpoſe: Its magnitude, ſituation,6$c. 
concurring alſo to confirm this opinion concerning it ; 
beſides which, I do almoſt remember , and beheve 
(though I cannot be poſitive) that the pullſant pain he 
had ſo violently jn his Breaſt, toward the left fide, de- 
creaſed gradatim, from the time of the deglutition : if 
that be true, whatever the ſubſtance were, or its cauſe, 
Its effects were very propitious, mamtfeſting nature to 
be, not only a diligent ſupplier of her own defetts, 
but as induſtrious to produce (ſtrange and unaccount- 
able relief, in ſuch emergencies asthis before us: A re- 
ſembling ſtory we have from A Pareas, lib. 8. cap. 15. 

The Sſoeks was without doubt from a Phlegmon of 
the Lungs 3 and becauſe for the molt part it was below, 
or beyond the Bullet , it proceeded rather from its ob- 
ſtrung, and ſo ſtagnating the Blood, and recrements in 
that Lobe, than from extravaſation. What occurred of 
the latter, was expeQorated, or remamed in ſuch Coa- 
gulums as that found under the Heart. 

The cauſe of the Bullets falling, rather into the left 
than the right Ramws of the Trachea, is obvious from 
the more ſupine and direct figure thereof, correſpand- 
ing with the trunk, as the figure doth manifeſt : which 
conſideration, together with the Bullets being looſe in 
the pipe, renders the unſucceſsfulneſs of Dr. Majow's 
attempt very wonderful: I am mclined to believe it 
was ſq, either for want of a more early trial, or a more 
Skiltul tryer , than him who was employed about it. 
The way was ingemoully contrived, and (as the Do- 
tor himſelt told me ) had been ſucceſsfully experien- 
ced 1n the like occaſion. Certainly , had not the di- 
{tance of the Doctors abode,and very important avoca- 
tions, 
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tions, denied his perſonal affiſtance : or had any other 
Skilled in Anatomy, Ge: been ſubſtituted, the 
from bis own favourable ſhape, and more propi- 
tious gravity, and particularly from the ſtrong efflati- 
ons they provoked , together with the aſfiſtant poſture 
of the body, would have been extruded. - Had they 
initead of hanging hmm perpendicular, made him incline 
a little to the right (ide, to have made the left Ramas 
more prone ; and at the ſame time made him diſtend 
the pipes by ſucking in as much breath as they could 
contain , their other means might have been effectual ; 
which I am induced to preſume from the proſperous 
cttects of the like attempt, and yet wanting many of 
their advantages; Fmeanthe reverſion of a Stone, when 
ſ{ticking,and not able,topaſs through the Urinary Chan- 
nels. Let any Phyſiciansſerioufly perpend the difficul- 
ty of this, with the advantages for the former, and 
they will juſtifie my opinion. 

The eroſion of the Pm nd Diaphragme, was from 
the acidity of the matter, gnawing and corrupting 
them 3 for though the Trachea wonderfully od 
fuck impreſſions, the Bullet diſcovered on 1ts ſuperti- 
cies, divers marks of erolion, which all acids produce 
with much facility, upon the ſaccharous or faline parts 
of Lead; as is tobe ſeen by immerſing it in vinegar. 

And now Sir, to relieve your patience (no leſs than 
my own) perhaps already wearied with the prolixity 

this Narrative, give me leave to conclude, with ſug- 

eſting, that I am of a beliet (having peruſed moſt of 
< publick accounts of this kind) that ſcarcely a rarer 
accident, and accompanied with ſuch {tupendious cir- 
cumſtances, hath occurred to the preſent agethan this; 
that an extraneous body, ſolarge, ſo heavy, fo hard, 
fhould flip down that difficult, and unutual: way of 
the Weaſon, and abide ſo long in the organs of reſpira- 
tion, in ſoaged a perſon, admutring after it ſuch exer- 
ciſes, as he performed, Riding, Marriage, ec. that na- 


ture ſhould fo unaccountably provide ſuch a pertinent 
tence 


- LT -. 
fence againſt injuries accid y accruing, and that 

cventhe ſmalleſt Ramifications of the Trachee,” though 
immerſed in ſuch a Cadaver, ſhould be preſerved from 
injury thereby. I am ſure in the volummous Obſer- 
vations of Schenckivs, Horſtivs, Riverins, Bartholine, 
Bernet, &c. nor among all the ſtories in Mr. Oldenburg's 

Tranſadions,or the M:ſcellanes Curioſa of the Leipſwick, 
| Dodtors, hath it a Parallel. 

This, and whatever is elſe contained in this Hiſtory, 
as my Noel , I ſubmit to the better ſenſe, and reaſon of 
the Learned , not preſuming to be pofitive in any 
thing, fave in affirming my ſelf, &c. 


. JAMES TOUNG. 
P. 8. ; 

For the plainer underſtanding where the Bullet 
lodged in the Wind-pipe, I have drawn and ſent you 
an exadt figure of the Trachea, excarmiied; as its to be 
be found in Gerrard Blaſſizs , Syntagma Anatomicum 
7. Veſlingi. See figure Y in the ITI. Table. 

C points to the Trachea divided under the Larynx. 

D the right Ramus of the Trachea. E the left. 

F the place where the Lungs adhered to the Pleyra. 

g gg, Os. the extremities of thofe branches of the 

Ajpera arterja, divaricated into the rotten Lobe. 
H the Buller in the pipe where it was found. 
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Potentia Reſtitutiva, 


OR 


SPRING. 


He Theory of Springs, though 
$ attempted by divers eminent 
Mathematicians of 'this Age 
has hitherto not been Publiſhed 
by any. It it now about eighteen 
years {mce I firſt found 1t our, 
but deſigning to apply it to ſome 
particular uſe, I omitted the 
publiſhing thereof. 

About three years fince His Majeſty was pleaſed to 
ſee the Experiment that made out this Theory tried 
at White-Had, as alſo my Spring Watch. 

About two years ſince I printed this Theory in an 
Anagram at the end of my Book of the Deſcriptions of 
Helioſcopes,viz.cei#ino s 55 tt nunjdeſt,Ot tenſio ſic 
vis; That 1s, The Power of any Spring 1s in thefame 
proportion with the Tenſion thereof: That is, if one 
power ſtretch or bend it one ſpace, two will bend it 
two, and three will bend it three, and ſo forward. 
Now as the Theory is very ſhort, ſo the way of try- 
ing it is very cahe. 

Take then a quantity of even-drawn Wire, either 
Steel, Iron, or Braſs, and coyl it on an even Cy- 
linder intoa Helix of what length or number of turns 
you pleaſe, then turn the ends of the Wire into 
Loops, by one of which ſuſpend this coyl upon a 
nail, and by the other fuſtam the weight that you 
would have to extend it, and hanging on ſeveral 
Weights obſerve exatly to what length each of the 
weights do extend it beyond the length that ts own 
weight doth ſtretch it to, and you - find that if 

One 
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one ounce, or one pound, or one certain weight 
doth lengthen it one line, or one inch, ar. one cer- 
tain | then two ounces, two. pounds, or two 
weights will extend it $wo lines, two inches, or 
ewo lengths; and three ounces, pounds, or weights, 
three lines, inches, or lengths z and to forwards. And 
this is the Rule or Law of Nature, upon which all 
manner of Reſtituent or Springing motion doth pro- 
ceed, whether it beof Heirs hd or Extenſion, or 
Condenſation and Compreſlion. | 

Or take a Watch Spring, and coyl it into a Spiral, 
io as no, part thereof may touch another, then | 
vide a very light wheel of Braſs; or the hke, 2 yo 
iton an arbor that hath two ſmall Pivats of Steel, 
upon Which Pivot turn.the edge of the faid Wheel 
very even and ſmouth, fo that a ſmall ſilk may be 
coyled uponi45 then put this Wheel into a Frame, ſo 
that the Wheel may move very freely on its Pivots ; 
faſten the cengral end of the aforeſaid Spripg eloſe to- 
the Pivot hole or center of the frame in which the 

Arbor of the Wheel doth move, and the other end 
rhezeof tothe Rimot the Wheel, then copling a fine 
limber thread of Glk upon the edge of the Wheel 
hang a ſmall light ſcaleat the end thereof fit to receive 
the weight that ſhall be put thereinto; then ſuffering 
the Wheel to ſtand wn its own polition by alittle index 
taſtned tothe frame, and pointing to. the Rum of the 
Wheel, make a mark with Ink, or the like, on; that 
part of the Rim that the Index pointeth at ; then put 
in a drachm weight into the ſcale, and ſuffer the 
Wheel to ſettle, and make another mark on the Rim 
where the Index doth point; thenadd a drachm,more, 
and let the Wheel ſettle again, and note with Ink, as 
before, the place of the Rim pointed at by the In- 
dex; then adda third drachm, and doas before, and 
ſo-a fourth, fifth, ſixth, ſeventh, eighth, 4c. ſuffer- 

18g the Wheel, to ſettle, and marking the ſeveral 
places pointed. at by the Index, then; examine the 

| Diſtances 
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Diſtanees of «lf thoſe marks, atid eviing theng 
together you (h4ll Firid chat chey will THe: Equal 
the one to the other, ſb that if a drachm doth move 
the Wheel ten degtees, two drachms will move it 
twenty, and three thirty, and four forty, and five 
fifty, aid fo forwards. 

Ot take a Wire ſtring of twenty, or thirty, or 
foot long, and faſten the upper part thereof to 
a nail, and to the other end faſten a Scale to receive 
the weights : Then with a pair of Compaſſes take the 
diſtztice of the bottom of the ſcale fromthe groutid 
or floor underneath, and fet down the fſaid* diſtance, 
then pur in weights into the Aid ſcale iti the fame 
tnanner as in the former trials, and meaſure the ſeveral 
ſtretchings of the ſaid ſtring, and ſet them down, 
Then compare the fevetal ſtretchings of the ſaid 
ſtring, and you will find that they will always bear 
the ſame proportions one to the other that the weigits 
do that made them. 

The fame will be found, if trial be made, with a 
piece of dry wood that will bend and return, if one 
end thereof be fi x1 in a horizontal poſture, and to 
the other end be hanged weigtits to make it bend 
downwards. 

The manner of trying the ſame thing upon a body 
of Air, whether it be for the rarefaftion or for the 
compreſſion thereof I did about fourteen years fince 
publiſh in my Micrographia, and therefore I ſhall 
not need to add any further deſcription thereof. 

Each of theſe ways will be more plainly under- 
ſtood by the explanations of the annexed figures. 

The firſt whereof doth repreſent by A B the coyl 
or helix of Wire, C the end of .it, by which it is fu- 
ſpended, D the other end thereof, by which a ſmall 
Scale E is hanged, into which putting Weights 
2sFGHIK LM N, ſivgly and ſeparately they being 
im proportion to one another as 123456 78, the 
Spring will be thereby equally nr to PAT IA. 

2 that 
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that is, if F ſtretch it ſo as the bottom of the Scale 
deſcend to s, then G. will make it deſcend to- p, 
Htog, Ito r, K tos, Ltot, Mtox, and N tow, &c. 
So that xo ſhall be one ſpace, xp, 2, x9, 3, xr, 4, 
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The ſecond figure repreſents a Watch Spring coy- 
led in a Spiral by CABBBD, whoſe endCis fed 
toa pin or Axis immovable, into the end of which 
the Axis of a ſmall light Wheel is inſerted, upon 
which it moves ; the end D is fixed to a. pin inthe 
Rim of the Wheel yy yy, upon which is coyled a 
ſmall Mk, to the end of which 1s fixed a Scale to re- 
ceive the weights. To the frame in_ which theſe are 
contained 1s Trcd the hand or Index z; then trying 
with the former weights put into the Scale E, you 
will find'tbat if F put into the Scale E ſinks the bot- 
tom of it x tos, then G will fink mt top, and H to g, 
Ttor, Kto -, L to t,and z will point at 1,2,3,4,5,6,7,8 
on the Wheel. 

The trials with a ſtraight wire, or a ſtraight piece 
of wood laid Horizontal arc ſo plain they need not 
an explication by figure, and the way of trying upon 
Air I have long es explained in my Micogre- 
phia by figures. 

From all which it is very evident that the Rule or 
Law of Nature in every ſpringing body is, that 
the force or power thereof to reſtore it ſelf to its na- 
tural poſition is always proportionate to. the Diſtance 
or ſpace it is removed therefrom, whether 1t be by 
rarefaCtion, or ſeparation of its parts the one from the 
other, or by a Condenſation, or crowding of thoſe 
parts nearer.together. Nor is it obſervable in theſe 

odys only, but in all other ſpringy bodies whatſo- 
ever, whether Metal, Wood, Stones, baked Earths, 
Hair, Horns, Silk, Bones, Sinews, . Glaſs, and the like. 
Reſpett being had to the particular figures of: the 
bodies bended, and the advantagious or diſadvan- 
tapious ways of bending them. | 

| | From 


be made of Wood, _—_ 

Horns, Sinews, or RT As alſo of the Balifle 
Catapulte uſed by the Ancients, which being one 
found, - and Tables thereof ben her [ anon 
ſhew a way how to. calculate the power they haye 
in ſhooting or caſting of Arrows, Bullets, Stones 
Granadoes, or the like. | 

From theſe Principles alſo it will be eaſfie to calculate 
the proportionate ftrength of the ſpring of a Watch 
upon the Fuſey thereof, and conſequently of adjuſt- 
ing the Fuſey to the Spring ſo as to make it draw or 
movethe Watch always with an equal force. 

From theſame alſo it will be eafie to give the rea- 
ſon of the Iſochroxe motion of a Spring or,extended 
ſtring, and of the uniform ſound Spring or by thoſe 
W Vibrations- are quick enough to produce an 
audible ſound, . as likewiſe the reaſon of the ſounds, 
and their variations 1n all manner of fonorgus or. 
ſpringing Bodies,of which mare on another occaſion. 

From this appears the reaſon, as I fhall. ſhew.by, 
and by, why a Spring applied tothe balance of a- 
Watch doth make the Vibrations thereof equa}, whe- 
ther they be greater or ſmaller, one of which kind I 

ſhewed to the right Honourable the Lord. Viſcount. 
Brounker, the Honourable Robert Boyle Eſq; / and- Sir 
Robert Morey in the year 1660. 10 order to have got-. 
ten Letters Patents for the uſe and benefit thereof. 

From this it will be eafte to make a Philoſophical 
Scale to examine the weight of any body without 
putting. in. weights, ; which was that which I menti- 
oned at theendof my delcription of Helioſcopes, the 
ground. of. which .was,, veiled, under this: -Anagram, 
cediinnoopss5ttiun, namely, . Ut, pond us (ic ten- 
ſio. The fabrick of which ſee in he three figſt figures. 

This Scale I contrived in order to,examine-the grar-: 
vitation of bodies towards. the Center of the Earth, 

B 3 /. VIH4O » 
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26%. td exanine' whether bodies at 4 firther diſtance 
fromthe Cetitet of the Earth did rivet loſe fomewhar 
of their 'power or tefidency towards it. And pro- 
it as one of the Experiments to be tried ar 
the top 'of the Pike of Texeriff, and attempted the 
ſame at the rop of the Tower of $t. Paals beforethe 
burning of ie in-the fate great Fire 3 as alſo at the top 
and bottom of the Abby of St. Peters in Weſtminſter 
though theſe being by but ſmall diſtances removed 
from the Surface, | was not able certainly to perceive 
any manife(t difference. I propounded the ſame alfd to 
be tried at the' bottom and ſeveral [tations of deep 
Mines; and D. Power did tnake ſome trials to that end, 
but his [nſtruments not being good, nothing could be 
certainly concluded frotn the. 

Theſe are the Phenomena of Springs and ſpringy 
bodies, which as they have not hitherto been by any 
that I know teduced' to Rules, ſo have all the attempts 
for the explicationsof the reaſon of their power, and 
of ſpringineſs in general, been very inſufficient. 

In the year 1660. I printed a little Trat, which I 
called, An Attempt for the explication of the Phenome- 
4, Ec. of the riſing of water in the pores of very 
ſinall Pipes, Filtres, &c. And being unwilling then to 
publiſh this Theory, as ſuppoſing it might be preju- 
dicial to my deſign of Watches, which I was then 
procuring a Patent for, I only hinted the principle 
which T ſappoſed to be the cauſe of theſe Phxnomena 
of ſprings in the 31 page thereof in the Engliſh Edi- 
tion, and in the 33 page of the Latine Edition, tran- 
{lated by M. Behem, and printed at Amſterdam, 1662. 
But referred the further explication thereof tillſome 
other opportenny: 

The Principles I then mentioned I called by the 
names of Congruity and Incoxgrnity of bodies. And 
promiſed 'a further explanation of what I thereby 
meant on ſome: other occaſion. I ſhall here only ex- 
plain ſo mrachof it as concerns the explication of this 
preſent Phxnomenon. By 
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By Congraity and Jacongruity then I underſtand no. 

omg ee Oe ar} Agreement or of- Bo- 
ys 


to their Magnitudes and motions. 

hoſe Bodies then I ſuppoſe congrueus - whoſe 
particles have the ſame Magnitude, and the' ſame de- 
gree of Velocity, or elſe an harmonical proportion 
of Magnitude, and haxmonical degxce-/af Velocity. 
And thoſe I ſuppofe incongruous which have neither 
the ſame Magnitude, nor the ſame degree of Velocity, 
nor an harmonica proportion of Magnitude nor-of 
Velocity. 


I ſuppoſe then the ſenſible Univerſe to: coplilt of 


body and motion. 

By Body I mean; ſomewhat receptive-and commu- 
nicative of motion or progreſſion. Nor can E have any 
other Idea thereof, for netther Extention nor Quan» 
ity, hardneſs nor ſoftneſs, fluidity-nor fixedaeſs, Rare> 

10n nor Denſation are the proprietics of Body, 
but of Motion or ſomewhat moved, 


By Motion Eunderſtand. nothipg but a power oz + 
; progretlive of Body according to ſeveral: de- - 


t 
Velocity. 


Theſe two do always counterballance each othes in | 
rations of | Na- | 


all the effeds, appearances, and 
ture, and therefore it 12not 1impo but that. they 
mRy or i ny —— > —— 
notion; 5 equi ta great with little mogt- 
08a»to all its ſenbble effects.in Natures | 
Ido. further ſuppoſe 


po of theſe two ( which we will for the pre- 
may-be found: hereafter to be:only diffien i 
ons of oneand. the ſame. efſence)namely, Beay,and Moti 
on. And:that there 1s no one-fenſible Particle af matter 
but owesthe greateſt part of its ſenfible Extenſion to 
Motion whatever pant thereokt it ows.to Body! accord» 
ing: tor: theicommon notion thereok: Which: 15, that 


. 
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then that all-things in the Uni» - 
verſe that became the objects of our ſenſes are- com- + 


diſtin: efiences, thoughi  polibly: they 


Body }. 
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Body-is ſomewhat that doth perfeQly fill a determi- 
—_——__— of ſpace or extenſion ſo as neceſſarily 
toexchude all other bodies from being comprehended 
within the fame Dimenſions. + : 

-I dotherefore define a ſenfible Body to be a de- 
terminate Space'or Extenſion defended from being 
penetrated by another, by a power from within. 

To make this the more intelligible, Imagine a 
very thin plate of Iron, or the like, a foot ſquare, 

to be moved with a Vibrative motion forwards and 
backwards the flat ways the length of a foot with 
ſo ſwift-a motion as not to permit any other bo- 
dy to enter into that ſpace within whieh it Vi- 
brates, this will compoſe ſuch an effence as I call in 
my ſenſe a Cubick foot of ſenfible Body, which dif- 
fers from the common notion of Body as this ſpace 
of a Cubick foot thus defended by this Vibrating plate 
doth from a Cubick foot of Iron, or the like, through- 
out ſolid. The Particles therefore that compoſe all 
bodies I' do ſuppoſe toowe the greateſt part of their 
ſenfibleor potential Extenſion to a Vibrative motion. 

This Vibrative motion I donot ſuppoſe inherent or 
inſeparable from the Particles of body, but communi- 
cated by Impulſes given from other bodies in the Uni- 
verſe. This only I ſuppoſe, that the Magnitude or 
bulk of the body doth make it receptive of this or- 
that peculiar motion that is communicated, and not 
of any other. That is, every Particle of matter ac- 
cording to its determinate or preſent Magnitude is 
receptive of this or that peculiar motion and no 
other, ſo that Magnitude and receptivity of motion 
ſeems the ſame thing: To explain this by a fimilitude or 
example. Suppoſe a number of muſical {tri ABC 
DE, ec. tuned to certain tones,and a like number of 
other ſtrings, as «,b,c,d,e, 8c. tuned to the fame ſounds 
reſpectively, A ſhall be receptive of the motion of , 
but not of that of b, c, nor d;' in like manner B ſhall be 
receptiveof the metionof b, but not of the "I 
O 


Eg 
of 4,c or d. Ando A This: 3s that which 
Icall and [Inci 
Now as we find that muſical will be moved 
by Uniſons Ire am, 2 other fn —_ 
though not1nt e degree; ſoadol £ 
the s of matter will be moved Sev mb by 
{auch motions as are Uniſons, as I may call them, orof 
equal Velocity with their moneey and by other _ 
monious motions 18 a-teſs d 

T do further uppot, A Ubtil matter that incom- 
paſſeth and pervades all other bodies, which- is the 
Menſtruum ir which they {wim which maintains and 
continues all ſuch bodies in their, motion; and which 
is the medium that conveys all Homogemious or Har- 
monical motions from body to body. 

Further I ſuppoſe, that All ſuch particles of matter 
as.are of a like nature, when not ſeparated-by others 
of a differing nature - will remain together, and 
ſtrengthen the common Vibration of them allagainſt 
the differing Vibrations of the ambient bodies. 

According to this Notion I ſuppoſe the whole 
Univerſe and all the particles thereof to bein a-con- 
tinued motion, -and every one to'take its ſhare; of 
ſpace or room in the ſame, according'to the bulk of 
ts body, or according to the particular power 
it hath to receive, and continue this or that pecubar 
motion. 

Two or more of theleparticles joyned unmgditely 
together, and coalcſcing into one become of nkihis 
nature, and receptive of another degree of motion 
and Vibration, and make a compounded particle 
differing in nature ' from each of the*other par- 
ticles. 

All bulky and ſenſible bodies whatſoever Ifuppoſe 
to be made up or compoled of ſuch particles which 
have their peculiar and appropriate motions which are 
kept together by the dittering or diffonane Vibrations 
of the ambient bodies or fluid. 

C According 


| [19] 
{ Arcovriing + to: the difference of thefe Vibrative 
motions of - Incom bulks. ' All bodies are 
_ or leſs po im preferving their peculiar 
Ty bodies neer the Earth are incompaſkd with 
& fluid fubtil maccer by "the differing Velocity of 
whoſe parts al! folid bodies are kepr together m che 
pecutrr ſhapes, they were left in when they were laſt 
fluid. And all fluid bodies whatfoever are mixed 
with this fluid, and which is not extruded from them 
rill they become ſolid. | 

Fluid butks differ from folids'only in this, that alt 
fluids 'confift 'of rwo forts of particles, the one this 
common Menftruum near the Earth, which is inter- 
ſperſed between the Vibrating particles appropriated 
tothat bulk, and fo participating. of the motionsand 
Vibrations thereof : And the other, by excluding 
wholly, ornot 'participatirig of that morion. 

Though the particles of ſolid bodies do by their 
Vibrativemotiorsexctude this fluid from coming be- 
tween them where their motions do itmmediately 


_ -rouch, yet ate there certain ſpaces between them 


which are not defended by the motion of the par- 


'ricles from being pervaded by the Heterogeneous 


fluid -menſtruur. 

Theſe ſpaces fo undefended by the bodies and Vi- 
brative motion of the particles, and conſequently 
pervaded'by the fubtil incompa Heterogeneous 
fluid are thoſe we call' the infenſible pores 'of 
bodies. 

According tothe bigneſs of the bodies the motions 
ace, but if recipfocal proportion : Fhat 1s, the big- 
ger or more powerful the body is, the flower 4s *s 
motion with which it compounds the partictesz and 
the teſs the body is, the twifter ts ifs motion, 

The fnaller the pazticles of bodies are, the heater 
o:they *pproach to: the nature of the general fluid, 
#14 and 
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{r) 
and themore exfly do'they nifr and participate of its 

The Particles of all ſolid bodies do immediately 
tonch each other; that 1s, the Vibrative motions of 
the bodies do- every one tonch each. other at every 
Vibration. For explication, Let ABC repreſent 
three bodies, each of 


theſe bodies F fup- GH A © B Þ C G 
ow to have a Vi- + GE. #> 6 PRODDISS 17.36. #22 uo © age OI, 5 WP» 
rative motion on &t- : | i | f | 
ther (ide of ie, A be-' | _ | 9 | ET 
tween D and E,B be- 
tween E and F, and C between Fand G. I ſuppoſe 
then that B in every one of its Vibrations doth meet 
AatE, and'CatF, and ſo the motionsare continually 
interchanged : That is, B commumnicatesits motion to 
A atE,and A at the ſame time and place communicates 
its motion to B, which returning to F meets there 
with C, and communicates its received motion to C, 
which at the ſame inſtant and place communicates its 
own motion to B, which returns it back to E':: So 
that the Velocity of theſe bodies 1s always the fame, 
and each body imprefſeth on the contiguous bodies 
ſach a determinate number of pulſes within a certam 
ſpace of time. Suppoſe for inſtance, in every ſecond 
of time B communicates to A and to C one million 
of pulſes, and hath received as many from each 
of them, by which means each of them doth pre- 
ſerve its own ſpace of Vibration, according to the 
power of its Vibration, that neither of the contigu- 
aus bodies can enter into it. The extreme particles 
A and C are repercuſſed by the motion of the am- 
bient Heterogeneous fluid, whereof though the bo- 
dies are of differing magnitudes, yet the body and 
motion of the one are equivalent to the body and 
motion of the other, is as whatever the body be 
leſs, the motion is quicker ; and where the body 1s 


bigger, the' motion is leſs. But the Particles of fluid 
&'4 bodies 
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bodies do. not immediately touch 'each- other, but 
permit the mixture of the other Heterogeneous fluid 
near the Earth, which ferves to communicate the mo- 
tion from particle to particle without the immediate 
contaCt of the Vibrations of the Particles. 

All ſolid Bodies retain their ſolidity till by other * 
extraordinary motions their natural or proper moti- 
ons become intermixed with other differing motions, 
and fo they become a bulk of compounded motions, 
which, weaken each- others Vibrative motions. So 
that though the ſimilar parts do participate of each 
others motions, whereby they indeavour to joyn or 
keep together, yet dothey allo participate of an He- 
terogeneous motion which endeavours to ſeparate 
or keep them aſunder. And according to the preva- 
lency of the one or the other 1s the body more or leſs 
fuid or ſolid. | 

All bodies whatſoever would be fluid were it not 
for the external Heterogeneous motion. of the Am- 
bient. 

And all fluid bodies whatſoever would be un- 
bounded, and have their parts fly from each*other 
were it not for ſome prevailing Heterogeneous mo- 
tion from without them that drives them more power- 
fully together. 

Heterogeneous motions from without are propa- 
gated within the ſolid 1n a direct line if they hit per- 
pendicular to. the ſuperficies or bounds, but it ob- 
liquely in ways not direct, but different and deflected, 
according to the particular inclination of the budy 
&riking, and according to the proportion of the Par- 
ticles {triking and being truck. 

All ſpringy bodies whatſoever conlilt of. parts thus 
qualified, that is, of. ſmall bodies indued with ap- 

ropriate and peculiar mot:on+s, whence every one of. 
theſe particles hath a particular Bulk, Extention, or. 
Sphere of activity which it defends from the ingreſs 
oF any. other incompaſling Heterogeneous body whillt. 
| in 
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18 its naturaleſtate and balance in theUniverſe.Which 
particles being all of the ſame nature, that; is, of 
equal bodies, and equal motions, they readily co- 
aleſce and joyn together, and make up one ſolid bo- 
dy, not perfectly every where contiguous, and whol- 
ly excluding the above mentioned ambient fluid, but 
Nermining it in many places to pervadethe ſame una 
regular order, yet not {o much but that they do whol- 
ly exclude the lame from paſling between all the fides - 
of the compounding particles. 

The parts of all ſpringy bodies would recedeand ' 
fly from each other were they not kept together by 
the Heterogeneous compretiing motions of the- am» 
bient whether fluid or folid. 

Theſe principles thus hinted, I ſhall in the next. 
place come to the particular explication of the man- 
ner how they ſerve to explam the Phznomena of 
ſpringing bodies whether ſolid or fluid. 

Firſt tor ſolid bodies, as Steel, Glaſs, Wood, e*c. 
which have a Spring both. inwards and outwards, ac- ' 
cording as they are either compreſſed or dilated be- - 
yond their natural ſtate. | | 
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Let A B repreſent a line of ſuch a body compound- 
ed of eight Vibrating particles, as 1, 2, 3,4, 5, 6, 7, ©, 
and ſuppoſe each of thoſe Particles to perform a aul- 
lion of fingle Vibrations, and conſequently of oc- 
curſions with each other in a ſecond minute of time, 
C 3} their - 
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thear Hovion being of ſach a Velocity impreſſed from 
the Ambicnt on the two extreme Particles r and $. 
Ficft, if by any external power on thetwo extremes 
1 and 8, they be removed further afander, as to CD, 
thenſhall all the Vibrative Particles be proportiona- 
bly extended, and the number of Vibrations, and con- 
ſequenely of occurtions be reciprocally diminiſhed, 
and confequently their endeavour of receding from 
each other be reciprocally dimmiſhed alſo. For fup- 
poſing this ſecond Dimenſion of Length be to the 
firſt as 3 to2, thelength of the Vibrations, and con- 
ſequently of occurfions, be reciprocally diminiſhed. 
For whereas I ſuppoſed 1000000 in a ſecond of the 
former, here can be but 666666 1 this, and conſe- 
quently the Spring inward mult be'in proportion to 
the Extenſion beyond its natural length. 

_ Secondly, if by any external force the extreme par- 
ticles be removed a third part nearer together than 
C the external natural force being alway the ſame 
both in this and the former inſtance, which is the bal- 
lance to it in its natural ſtate ) the length of the Vi- 
brations ſhall be proportionably diminithed, and the 
number of them, and conſequently of the occurſions 
bowcarooſly augmented, and inſtead of 10006Q0, 


there ſhall be 1500000. 
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together as at G HIK, which being by any external 
power bended into the form LN N ©, LM will be 
extended, and N O will be diminiſhed in proportion 
to the flexure, and conſequentlythe ſame propottiorts 


and Rules for its endeavour of reſtoring it ſelf will 


hold. . 
In the next place for fluid bodies, among(t which 


the greateſt inſtatice we have'is atr,thoughthe ſame be 
in ſome proportion in all other fluid bodies. 


The Air then is a body confiiting of particles © - 


fmall as to be almoſt equal to the particles of 'the 
Heterogeneous fluid a wa} incompaſiing the earth. 
It is bounded but on one fide, namely, towards the 
earth, and is indefinitely extended upward, being 
only hihdred 'from flying away that way by itsown 
gtavity, ( the cauſe of which I ſhall ſome other tine 
explain.) It confiſtsof the fame patticles ſingle and 
ſeparated, of which water and other fluids do, -eot- 
joyned and compounded, and being made of particles 


exceeding | 
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exceeding: {mall;'its-motion( to make itsballance with 
- the reſt ;of theearthy bodies ) 1s exceeding ſwift, and 
its Vibrative Spaces exceeding large, comparative to 
| the Vibrative Spaces of other terreſtrial bodies. I 
ſuppoſe that of the Air next the Earth in its natural 
ſtate may be 8000 times greater than that of Steel, 
and aboye a thouſand times greater than that of com- 
mon water, and proportionably l[ ſuppaſe that its mo- 
tion muſt be eight thouſand times ſwifter than the for- 
mer, and above a thouſand times ſwifter than the la- 
ter. Tf therefore a quantity of this body be incloſed 
by aſolid body, and that be fo contrived as to com- 
preſs it into leſs room, the motion thereof ( ugpomng 
the heat the ſame ) will continue the ſame, and con- 
ſequently the Vibrations and Occurſions will be in- 
creaſed in reciprocal proportion, that is, if it be 
Condenſed into halt the ſpace the Vibrations and 
Occurfions will be double in number : If into a quar- 
ter the Vibrations and Occurfions will be qua- 
druple, &#c. 

Again, If the romenjng Veſſel be fo contrived as 
to leave it more ſpace, the length of the Vibrations 
will be proportionably inlarged, and the number of 
Vibrations and Occurſtons wi::l be reciprocally dimi- 
niſhed, that is, if it be ſuffered to extend to twice its 
former dimenſions, its Vibrations will . be twice as 
long, and the number of its Vibrations and Occurſi- 
ons will be tewer by halt, and conſequently its indea- 
vours outward will be alſo weaker by half. 

Theſe Explanations will ſerve mutatis mutandis for 
explaining the Spring of any other Body whatſo- 
ever. 

It now remains, that I ſhew how the conſtitutions 
of ſpringy bodies being ſuch, the Vibrations of a 
Spring, or a Body moved by a Spring, equally and 
uniformly fhall be of equal duration whether they be 
greater or leſs. 


I have 
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I have here already ſhewed then that the power of 
all Springs is proportionate to the degree of flexure, 
viz. one degree of flexure, or one ſpace bended hath 
one power, two hath two, and three hath three, and 
ſo forward. And every point of the ſpace of flexure 
hath a peculiar power, and conſequently there being 
infinite points of the ſpace, there muſt be infinite de- 
grees of x wer. 

And conſequently all thoſe powers beginning from 
nought, and ending at the laft degree of tention or 
bending, added together into one ſum, or aggregate, 
will be in duplicate proportion to the ſpace bended or 
degree of flexure; that 1s, the aggregate of the 
powen of the Spring tended from 1ts quieſcent po- 

re by all the intermediate points to one ſpace 
( be it what length you pleaſe )) 1s equal, or in the 
ſame proportion to the ſquare of one (* ſuppoſing 
the ſaid ſpace infinitely divifible into the fractions of 
one z3)to two, 15<qual, or in-the ſame proportion to 
the ſquare of two, that is four ; to three 1s equal or 
in the ſame proportion to the ſquare of three, that is 
nine, and ſo forward ; and conſequently the aggre- 

te of the firſt ſpace will be one,of the ſecond ſpace 
will be three, of the third ſpace will be five, of the 
fourth will be ſeven, and ſo onwards in an Arithme- 
tical proportion, being the degrees or exceſſes by 
which theſe aggregates exceed one another. 

The Spring therefore in returning from any degree 
of flexure, to which it hath been bent by any power 
receiveth at every point of the ſpace returned an 
impulſe equal to the power of the Spring in that 

int of Tenfjon, and 1n returning the whole it re- 
ceiveth the whole aggregate of all the forces belong- 
ing to the greateſt degree of that Tenſion from whic 
it returned ; ſo a Spring bent two ſpaces in its return 
receiveth four degrees of impulſe, that is, three in 
the firſt ſpace returning, and one 1n the ſecond ; ſo 
bent three ſpaces it recerveth in 1ts whole return nine 
D degrees 
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degrees of impulſe,-that is, five in the firſt ſpace re- 
turned, three inthe ſecond, and one in the third. 

So bent ten ſpaces it receives 1n its whoſe return 
one hundred degrees of impulte, to wit, nineteen in 
the firſt, ſeventeen in the ſecond, fifreen in the third, 
thirteen in the fourth, eleven in the fifth, nine in the 
ſixth, ſevenin the ſeventh, five 1n the eighth, three 
in the ninth, and one in the tenth. 

Now the comparative Velocities of any body mo- 
ved are inſubduplicate proportion to the aggregates 
or ſums of the powers by which itis moved, therefore 
the Velacities of the whole ſpaces returned are always 
in the ſameproportions with thoſe ſpaces, they being 
both ſubduplicate to the powers, and conſequently 
all the times ſhall be equal. | | 

Next for the Velocities of the parts of the ſpace 
returned they- will be always proportionate to the 
roots of the aggregates of the powers impreffed 
in every of theſe ſpaces; for in the laſt inſtance, 
where the Spring is ſuppoled bent ten ſpaces, 
the Velocity at the end of the firſt ſpace returned 
ſhall be as the root of 19. at the end of the ſecond 
asthe Root of 36. that is, of 19 ÞF 17. at the end of 
the third as the Root of 51. that is of 19 + 1x7 
T Is. At the end of the fourth as the Root 
of 64. thatisof 19 + 17 + 15 + 13. at the end of 
the tenth, or whole as the Root of 100. that is as 
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-+ 1, equal to 100. 

Now (ince the Velocity is in the ſame proportion 
to the root of the ſpace, as the root of the ſpace is to 
the time, it is caſte to determine the particular time 
in which every one of theſe ſpaces are paſled for 
dividing the ſpaces by the Velocities correſponding 
the quotients givethe particular times. 

Toexplain this more intelligibly,let A in the fourth 
hgure repreſent the end ofa Spring not bent,or at leaſt 
CcQUN-» 
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counterpoiſed in that poſture by a power fixt to it, and 
movable with it, draw rx C,and let _ 
ſent the way in which the end of the Spring by addi- 
tional powers is to be moved, draw to the end of it 
Cat right Angles the Line C4Da, and let C D re- 
preſent the power that 1s ſufficient to bend or move 
the end of the Spring A to C,then draw the Line D A, 
and from any point of the Line A C as BB.Draw Lines 
parallel to CD, cutting the Line D A inE, E, the 
Lines BE, BE, will repreſent the reſpeftive powers 
requiſite to bend the end of the Spring A to B, which 
Lines B E,BE,C D will bein the fame proportion with 
the length of the bent of the Spring A B, AB, AC. 

And becaule the Spring hath in every point of the 
Line of bending A C,a particular power,thereforeima- 
gining infinite Lines drawn from every point of A C 
parallel to C D till they touch the Line AD, they will 
all of them fill and compoſe the Triangle A CD. The 
Triangle therefore A C D will repreſent the aggregate 
of the powers of the Spring bent from Ato C, and 
the leſſer Triangles A BE, A BE will reprefent the 
aggregate of all the powers of the Spring bent from 
A to B,B, and the Spring bent to any point of the 
Line A C, and let go from thence will exert 1n its re- 
turn to A all thoſe powers which are equal to the re- 
ſpective ordinates B E, BE, in the Triangles, the fum 
of all which make up the Triangles ABE, ABE. 
And the aggregate of the powers with which it re- 
turns from any point, as from C to any point of the 
ſpace CA as to BB, is equal to the Trapezium 
CDEB, CDEB, or the excefles of the greater 
Triangles abovethe lets. 

Having therefore ſhewn an Image to repreſent the 
flexure and the powers, ſo as plainly to folve and an- 
{wer all Queſtions and Problems concerning them, in 
thenext place I come to repreſent the Velocities ap- 
propriated to the ſeveral pros The Velocities 
then being always in a ſubduplicate proportion o 
D 2 t 
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the powers, that is, as the Root of the powers im- 
pretied, and the powers impreſt being as the Trapezi- 
um or the exceſs of the Triangle or ſquare of the 
whole ſpace to be paſt above the ſquare of the ſpace 
yetunpaſſcd ; if upon the Center A, and ſpace AC, 
(C being the point from which the Spring 1s ſuppoſed 
let go) a Circle be deſcribed as C G G F,and ordinates 
drawn from any point of C A the ſpace to: be paſt, 
as from B, B, to the ſaid Circle,as B G,B G,thele Lines 
B G,B G,will repreſent the Velocity of the Spring re- 
turning fromC to B, B, ec. the ſaid ordinates being 
always 1n the ſame proportion with the Roots of the 
Trapezuums CDE B, CDEB for putting AC= 
to a, and AB=b, B G will always be equal to 
/ aa —bb, the ſquare of the ordinate being always 
equal to the ReCtangleof the intercepted parts of the 
Diameter. 

Having thus found the Velocities, to wit, BG, B G, 
AF, to find the times correſponding, on the Diame- 
ter A Cdraw a Parabola C HF whoſe Vertex 1s C,and 
which paſſeth through the point F. The Ordinates 
of. this Parabola BH, BH, AF, are m the ſame pro- 
portion with the Rootsof the ſpaces C B, CB, C A; 
then making GB to H B as HB to IB, andthrough 
the points CIIF drawing the curve CIIIF, the 
reſpe&ive ordinates of this curve ſhall repreſent the 
proportionate time that the Spring ſpends in re- 
turning the ſpaces CB, CB, CA. 

If the powers or ſtifineſs. of the Spring be greater 
than what I before ſuppoſed, and therefore muſt be 
expreſled by the Triangle Cde A. then the Velocities 
will be the Ordinates 1n an Ellipſe as Cy + N, greater 
than the Circle, as 1t will alſo if the power be the 
ſame, and the bulk moved by the Spring be leſs. Then 
w1ll the S-like Line of. times meet with the Line A F 
at a point as X within the point F.But it the powers of 
the Spring be weaker than I fuppoled,then will C je e 
A repreſent the powers, and Cy Q the Elliplis of 
Velocity, 
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VIoruy. whoſe Ordinates By, By, AO will givethe 
particular Velocities, and the S-like Line of time will 
extend beyond N. The fame will happen ſuppoſing 
the body ( moved by the Spring ) to be propor- 
tionately heavy, and the powers of the Spring the 
ſame with the Fn 

And ſuppoſing the power of the Spring the ſame 
as at firſt, bended only to B 2, and from thence let go 
B2.EA is the Triangle of its powers, the Ordinates 
| of theCircleBg L are the Lines of its Velocity, and 
the Ordinatesof the S-like Line BiF are the Lines of 
time. 

Having thus ſhewed you how the Velocity of a 
Spring may be computed, it will be ealic to calcu- 
late to what diſtanceit will be able to ſhoot or throw 
any body that is moved by it. And this muſt be done 
by comparing the Velocity of the aſcent of a body 
thrown with the Velocity of the deſcent of Gravity, 
allowance bcing allo made for the Refiſtance and im- 
pediment of the . medium through- which it paſles. 
For inſtance, ſuppole a Bow or Spring fixed at 
16 foot above a Horizontal floor, which is near 
the ſpace that a heavy body from reſt will deſcend 
perpendicularly in a ſecond of time. If a Spring de- 
hver the budy inthe Horizontal line with a Velocity 
that moves it 16 foot in a ſecond of time, then {hall 
it fall at 16 foot from the perpendicular point on the 
floor over which it was delivered with ſuch Velocity, 
and by its motion ſhall deſcribe in the Air or ſpace 
through which it paſſes,a Parabola. If the Spring be 
bent to twice the former Tenſion, fo as to deliver the 
body with double the Velocity in a Horizontal Line, 
that is, with a Velocity that moves 32 foot in a ſe- 
cond, then ſhall the body touch the floor in a point : 
very near at 32 foot. from the aforeſaid perpen- 
dicular point, and the Line of the. motion of the: 
body, ſo ſhot ſhall be maved. in a Parabola, ora Line: 
very near it, , I ſay very near it, by reaſon that the. 
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Impediment ofthe medium doth hinder the exaCtneſs 
of it. If it be delivered with treble, quadruple, - 
quintuple, ſextuple, &c. the firſt Velocity it 
touch the floor atalmoſt treble, quadruple, quintu- 
ple, ſextuple, ec. the firſt diſtance. I-ſhall not need 
to ſhew the reaſon why it is moved 1n a Parabola, it 
having been ſufficiently demonſtrated long ſince by 
many others. 

If the body be delivered by the Spring at the floor, 
but ſhot by ſome Angle - wr eee, withwhat 
Velocity the ſame is moved when delivered, and with 
what Inclination to the Perpendicular the ſame is di- 
reqed, and the true Velocity of a falling body, you 
may eaſily know the length of the Jaws or ſhot, and 
the time it will ſpend in paſhng that length. 

This is found by comparing the time of its aſcent 
with the time of the deſcent of heavy bodies. Thea(- 
cent of any body is eaſily known by comparing its 
Velocity with the Angle of Inclination. 

Let 2 bthen in the fifth Figure repreſent 16 foot, or 
the ſpace deſcended by a heavy body in a ſecond 
minute of time. If a body be ſhot from b, in the Line 
bf with a Velocity as much ſwifrer than that equal 
motion of 16 foot in a ſecond, as this Linebfis longer 
than 4b the body ſhall fall ate; for in the ſame ſpace 
of time that the oblique equal motion would make 
it aſcend from bd to a c, will the accelerated direct 
motion downward move it from ac ta bd, and there- 
fore at the end of the ſpace of one ſecond, when the 
motions do equal and balance each other, the body 
muſt be 1n the ſame Horizontal Line in which it wasat 
firſt, but removed afunder by the ſpace be, and for 
the points it paſſeth through in all the intermediate 
{paces this method will determine it. 

Let the Parallelogram abpqg then repreſent 
the whole Velocity of the afcent of a body by 
an equal motion of 16 foot in a ſecond, and 


the Triangle pqr repreſent the whole as 
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of the accelerated deſcending motion, p 6 is then the 
w_ _ _ the body , _ and p is the 
int © where the power of Gravity begins to 
nar onthe body and £4 it deſcend. Now draw- 
ing Lines parallel to aqr, ass tn, s t gives the Velo. 
city of the point # aſcending, and ## the Velocity of 
the ſame pomt # defcending. 

Again, p bs t ſignifies he ſpace aſcended, and pt x 
the tpace deſcended, fo that ſubtracting the deſcent 
from theaſcent you have the height above the Line d, 
the conſideration of this, and the equal progreſs for- 
wards wil! give the intermediate Velocities, and 'de- 
termine the points of the Parabola. | 

Now having the Ja&#as given by this Scheme or 
Scale, appropriated to theparticular Velocity, where- 
with any body 1s moved in this or that line of Inelt- 
nation, 1t will be eafie to find what Velocity in any 
Inclination will throw it to any length ; for in any 
Inchnation as the ſquare of the Velocity thus found in 
this Scale for any inclination 1s to the ſquare of any 
other Velocity, ſo is the diftance -found by this 
Scale to the diſtance anſwermg to the ſecond Velo- 
city. 

[ have not now time to mlarge upon this ſpeculati- 
on, which would afford matter enough to fill a Vo- 
lume, by which all the difficulties about impreſſed 
and received motions, and the Velocities and effe&ts 
reſulting would be ealily reſolved. 

"ae, Ante now time to mention the great number 
of uſes that are and may be made of Springs in Me- 
chanick contrivances, but ſhall only add, that of all 
ſpringy bodies there is none comparable to the Air for 
the vaſtneſs of its power of extention and contra» 
on. Upon this Principle I remember to have ſeen 
long ſince in Wadham Colledge, in the Garden of the 
learned Dr. Wilkins, late Biſhop of Cheſter, a Foun- 
tain ſo contrived as by the Spring of the included 


Air to throw ,up to a great height a large and laſting 
ſtream - 
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ſtream of water : Which water was firſt forced into 
the Leaden Ciſtern thereof by two force: Pumps 
a. ary alternately work, and fo condenſe the Air 
included into a ſmall Room. The contrivance 6f 
which Engine was not unknown to the Ancients, as 
Hero in his Spirital;ia does ſufficiently manifeſt, nor 
were they wanting in applying it to very good uſes, 
namely, for Engines for quenching fire: As Vitruvies 
( by the help of the Ingenious Monſieur Claxde Per- 
raults interpretation ) hath acquainted us in the 
Twelfth Chapter of his Tenth Book, where he en- 
deavours to deſcribe Cteſibiws his Engine for quench- 
ing fire. Not long ſince a German here 1n England 
hath added a further improvement thereof by con- 
veying the conſtant ſtream of water through Pipes 
made of well tanned and liquored Leather, joyned 
together to any convenient length by the help of 
brazen Screws. By which the ſtream of water may 
be conveyed to any convenient place through narrow 
and otherwiſe inacceflible paſſages. 

The ingenious Dr. Denys Pappix hath added a fur- 
ther improvement that may be made to this Cteſibiaz 
Engine by a newand excellent contrivance of his own 
for making of the forcing Syringe or Pump, which at 
my defire he is pleaſed to communicate to the Pub- 
liqueby this following Deſcription, which he ſent me 
ſome time l{ince. 


, Dr. Pappins 
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Dr. Pappins Letter containins a 
Deſcription of a Wind-Fountain, and 
hu own particular contrivance about the 

forcer of its Syringe. 


Mr. Boyles ( which was of my making upon his 
defire ) hath been fo pleaſing'to you as to make 
you defire to ſee my deſcription thereof, I cannot 
doubt but the ſame will be as grateful alſo, and well 
received by the Publick, eſpecially when they ſhall 
therein find a remedy for one of the greateſt incon- 
veniencesof forcing Pumps, which are of fo great 
uſe. for raiſing of water, and quenching of fires. This 
was the occaſion of my ſending you this preſent de- 
ſcription, which would noe” ib been thus prolix 
had it been only for your ſelf. | 

In the Figure then A A is the Receptacle or body 
of the Fountain careful ſodered in all places, B B 1s 
the Pump, CC the Plug or forcer, D a Pipe in the 
middle of the Plug, which is perfely ſhut and ſtop- 
ped when the PlateEE is forced down upon it, EE 
1s the Plate with a hole in the middle, upon which is 
ſodered a Pipe F, which ſerves fora handle to move 
the Plug up and down. 

G is a Cock atthetop of the Pipe, which ſerves 
to moderate the Jetto or ſtream. 

H Hisa Valve at the bottom of the Pump, which - 
openeth outward for the paſſage of the water out of 
the Pump intothe Fountain or Receptacle. 

[1 is aCroſs at the top of the Plug to hinder the 
Plate EE from being drawn or ſeparated _ far 
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from the hole D in working it to and fro, 

K Kare two Pins ſerving both to force down and 
keep open the Valve H H. 

LL are two Appendices ſodered unto the top of 
the Pipe F F, ſerving both for a handle tos the Rad 
of the forcer, and alſo-tokeep down the forcer. 

M M are two other appendices or buttons faſtned 
at the top of the two ſmall. pillars NN, fo as to turn 
upon the ſame, and ſerve to haſp or button down'the 
ends LL of the handle of the. forcer that it be not 
drivenup again. 

OO is the Baſin for receivipg-the water that falls 
from the Jet os {ſtream from wiucit it may beforced 
againinto the Fauntam or Receptacle. 

For charging this Machine the. BalurO. O muſt faoſt 
be filled with water, and then. the Pump- muſt: be 
worked to. and fre.. In. doing of which; when the 
Plugis drawn, upwards the water in;the Baſin runs in 
through, the croſs .({ through.-which, the Rod F F paſ- 
ſes,) where finding.the. hole Dopeniit fillsthe ſpaces 
of the bottons ,of the Pump; then- the. Pump» being 
thus. filled,, the. Plug is.to be. forced downwands, 
whereby the Plate E E being cloſely applied: to the 
brims of the hole Drhinders the water from return- 
Ing back again through' the ſame, but is forced 
through the valve H.H-into the Fountam A A. And 
by repcating: this operation all the water of the Batin 
QO 1s cally. forced. into. the aforeſaid; Fountain, 
whereby all the Airthat-wastherein contained iscom- 
preſied more or.le{s according as more: or leſs water is 
forced in, and kept in that compreſſion by the valve 
H H, which hinders. the. water that: it cannot. re- 
turn through the ſame. 

But.when you: deſire to have 1t return, you force 
down the Plug hard againſt. the bottom or: plate, 
which by Au rm of -the aforeſaid Pins: or Appen- 
dices K K force, and keep open: the valve H H, and 
theRod F being kept faltdawn in this poſture by the 
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aforeſaid Buttons or Haſps M M, uv wpeiing the 
_— —_— anne; agg diouertie tee , 
\open, t the hok D, and throngh the 
beth of thePipeF. 

This way of putting a valve into the Plag-of for- 
cing Pumps will be of great uſe tor all ſuch as ſerve 
for ſupplying Towns with water, and for quenching 
of fare, aspreventing a great inconvenience to which 
thecommoen Pumps are uſually fabjet from the Air 
which 1s apt tobe generated withm them, which Air 
upon working the faid Pump remaining below the 
forcer, and by its Expanſion when #he Plug is drawn 
upwards, hindring the water from filling the whole 
Cavity beneath it, and by its Condenſation when the 
Plug is forced downwards, lofing a great part of the 
ſtrength of the force, much of the effe&t of the ſaid 
Machine is truftrated. | 

For preventing of which Inconvenience care ts to 
be taken that the water in all theſe forcing Pumps be 
admitted by the top thereofas in the preſent Machi 
whereby whatever Air ſhall be generated below the 
Plug, will readily rife into the hole D as being the 
higheſt place next the Plate E E, from whence when 
by the drawing up of thePlug the Plate is lifted from 
the brims of the hole D the Air will readily flip up, 
and the water as readily deſcend and fill all the 
parts of the Pump below the Plug. As T have often 
experimented-1m this preſent Machnne. 

Some Perſons may objet agamft theſe kind of 
valves, asſuppoſing the preſſure of the water to be on 
the wrong fide thereof. But it is eafte to be noted 
that this objection is groundleſs, ſince 1t 1s the fame 
thing whether the Plate be preſſed againſt the Rim 
of the valve, or the Rim of the valve againſt the plate. 
In common valves the Preſſure of the water forceth 
the Plate againſt the Rim: But in this the Rim againſt 
the Plate ; for the remaining folid Rim of the valve, 


being made thrice as big as the hole or Cavity thereof, 
E 2 the 
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the preſſure of-the water againſt that:'Rim forceth 
the ſaid Rim againſt the Plate in the middle three 
times harder than if the preſſure of the water lay 
only on the plate of the value, the ſame would be preſ- 
ſed againſt the Rim. 


— — 


To this Diſcourſe of an Artificial -Fountain 1 
HOgRE it not improper to add an ingenious Dit- 
courſe of M. James Young of Plimouth conteining his 
own Obſervations and_Opinion concerning natural 
Fountains and Springs. 


SIR, 


Aving now gained time, from my other avo- 
H cations, I have drawn up thoſe obſervations. 
I'told you I had made in my travels, which had 
confirmed in me the opinion of my Lord Bacor, that 
Fountains and Springs were the Percolation of 
the Sea ; not ( as your ſelf, Mr. Ray, ec. do affert ) 
from the rains deſcent into the Earth, I now repre- 
ſent them to your conſideration, rather as an Apology 
( becauſe they ſeem rational ) to excuſe, than Argu- 
ments to . juſtitne and avow the preſumption of my 
diflent. 

The firſt ſhall be the Phxnomena, I obſerved at 
Itle de Mayo, which lieth in the Torrid Zone, about 
thirteen degrees and Zo minutes, North from the 
Equator. It's about ſix Leagues long, and four 
broad, the wind bloweth conſtantly North Eaſt, or 
thereabout, and without rain, except three weeks in 
July, when it hath many ſhowers ; I here ſend you a 
Map of the I{land, as exactly. as I could draw it. I 
was there two Voyages, and each remained a full 
month, the be{t part of which I ſpent in hunting, and 
ranging the I{Jand; there runneth through the middle 
ol ita Rivulct, of very pure water; It takes its riſe 
from 
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fourteen foot wide and two-deep ; other tifdh win 
there is no freſh water-on the whote Ifland, g's 
what our people dig out of the ſand betweer-the 
Ocean and: the ſalt Pond. 

The faid /Pond is in a large Bay, at the Welt fl 4 
of the Iſland, which hath from one point to another 
a bank of Sand, about two or three foot above water, 
covering the Bay like a ſtring to a Bow, the ſaid bank 
in the Flemiſh Road is about 150 foot wide, -at'the 
Engliſh Road it is as broad again; theres never any 
{cn{ible ebbing or flowing' of the Sea, only at full 
Moons, or a 4 ay before. Ir riſeth in high Billows, 
which break over the wage at the North end of the 
Pond, where it is loweſt :* By which means the Pond 
Is repleniſhed with water, which condenſeth inito 
Salt in twodays. | 

The Sand dividing the faid Pond and the Sea is 
very fine and looſe. Now becauſe the before-men- 
tioned Rivulet diſembogues far from the Roads at an 
mconvenient place for Boats, they are” conſtrained to 
dig Wells, in the midſt of | the' bank of Sand, be- 
tween the Pickle of the ſalt Pond” and the Sea, 
the manner thus: They firſt dig a pit about eight 
foot deep, and therein lay two' Hogſheads, the 
one on the top of the other, the head out of both fave 
the lowermolſt of the deepeſt ; the ſides of both 
are- alſo full of Gimlet holes, and the find laid 
cloſe to them: After twenty four hours they have 
three or four foot of very clean water in them, which 
being dipped out, you. plainly fee the new water 
ſtrain gently through thoſe holes in the fides of the 
Cask : After which, in a days time, one man artend- 
iog it, may draw abou ten Hogſheads or more of wa-- 
ter, a little taſting of Salt, not ſo much- but that it 1s 
drinkable, and very fit to boyl-meat in; and is uſed 
by thoſe that. come. there to load Cattle; for the 
E 3 common 
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commen Jrigk, i 'have in the Map placed the:Sipn 
The Hext ablervations, pentinent 'ro- this ſabje&t I 
made at the- fifland Liporz, near Steily, about fixteen 
Leagues fzom Meſſina ; it is:famous for the beſt Rai- 
fins 1n the Mediterranean ; there 15:0n* /a large Ca- 
ſte, a ſmall Town, many Vineyards, and about one 
hundred Families, beſides ſome Religioſe. I ju It 
wants a fifth part of the bigneſs of the Ille de 
1t 4s moſtly veryhigh Land, eſpecially one Mountann, 
on'which ſtands a Watch Tower , whencea man 
ſee a monſtrous diſtanceat Sea,. as4s confirmed 
Ruzter. In the relatzon he gives the States of Hi F 
wherein he tellsthem, that from that place they dil- 
cerned the French Fleet's approach long before they 
could from any other part, (either of their own or 
the other Iiland. 1 am ſure at is much higher than 
either that at the Ifle de Mayo, or any I have ſeen in 
Exgland, and yet on this fair fruitful Ifland fprings 
natone drop of water, the Inhabrtants ſtoring them- 
ſelves with rain, which falling very frequently, they 
are careful to preſerve in Ciſterns, divers eflays have 
been made in the moſt promiſing part of it to find 
Springs by digging Wells, one of thoſe which I ſaw 
was without doubt the deepeſt in Exrope, I remem- 
ber not the exa&t profundity as they related i, butI 
have not forgot, that throwing in a ſtone it was 
long ere. it got to the bottom, and then returned 
ſuch a noiſe as it had been the diſcharge of a 
Muſquet. 

The cauſe of this drineſs was by the people 
thought to be ſubterranean heats, abſuming the water, 
but no ſuch thing appearing, to the ſenſe of thoſe 
that digged the Wells, I gave no faith to that per- 


ſuaſion 3 they fancy ſuch heats partly from the want 
of water, but moſtly becauſe the four adjacent 
Iflands, Stromboli, Vulcano, Vulcanella, and M. Aitna, 


are conſtantly burning, and very near them. 
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The obvious earth wy "HG and in Ail 
apparent qualities ve ut by' th | 
= been Nirown cis digging the Wells, I faw 
, or like clay, thar or 
greafie matter cominized, This rhe 
Religious-told" me was the very Kind of Sulphit 
which cotiftantly boyled out of the burning Cranny 
on Fulrarel/a; and wherewnh all! thoſe Hand: abound- 
ed; not exceptitig, theirown, thought it were notyet 
kindle. 

For my'thirdobſervation, I will g6 nofarther than 
the place of: my' preſent abode; Plintmonth, ini which 
on a kmd of Plazza; commonly called the New-key, 
Ca platot ground got in from” the Sta ) Dias by 
which ( before the ever famous Sit Francis 
cm a RT of thirty miles proctited” Jes 

'Y was of commor Fr having, (as at 
this ON SPak in it; about fever years fince ( be- 
re the' Rey was inlarged'y the Well was not 
Fe Ss eight-foor from the'ed ' thereof, over which 
the'Sex wonld" frequently ' - when a High out- 
wind and x Spring Tide fray T'fay t is Well, 
though ſonear the Sea, yielderh clear ea Gig and'as 
ſweet asa mixtureof three parts freſh and ane of falt 
water would be. About an hundred yards frontthar, 
—_— a little riſing; is T very large Well, Which? 
ſuppheth three' or four Irew-hodſes! by whRote drink 
it 1s evident that the water hath not wholly quitted 
icsfalt; It'is to- be'noted;, that Plimmonth heth on a 
Peninſula three miles long, and two' broad;” the I{th- 
mus about two thirds of a mile wide; and not yery 
high from the ſurface'of a full Sea: "There are many 
Wells in it, thoſe near the Sea"are fafſtiſh; rhafe tar- 
ther from ir the leſs-{o. 

My-fourth obfervation' take from the” late famous 
French Traveller Monſieur Taverrmey, who in” his firſt 
Volume, diſcourfing of the Coaft of Coromartel, &c. 
he ſaith they there want freſh water, and are con- 


inferwur earth was cla 
fome' 


{trained 
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{trained.ta.make;pits of two foot deep in the ſand by 
Ne Be il Er dhe | 

The fifth -obſervation, and which I would call the 
moſt ſignificant, were T-aflured of its truth, I had 
from a very ingenious Chirurgeon, who had uſed the 

eft Tad hes there 1810 that Sea an Ifland called 
Rotanda, of a figure: agreeable, to its narhe, which, 
though wy ſmal], hath on it, ariling in the middle, 
a Spring of a very large ſtream 'of water, at which 
our Ships frequently furniſh themſelves in their Navi- 
Y2tion, -he-aftirmed that it raineth there but- once a 
year, as at the Ifle de Mayo ; ſaying withal, that the 
Ifland is ſo ſhort of a proportion big enough for the 
ſtream, that if it conſtantly rained, 1t could not be 
ſupply enough to maintain ſo large an Effſux. 

My fixth and laſt, is the relation of Dr, Downes 
concerning Barbadoes, vis. thata}t their Springs were - 
formerly very near the Sea; that up in the Country 
they ſupplied themſelves from the rains by diggin 
pits in the earth, able to contain great quantities, an 
there preſerving itz which they did a very long time 
( the rains being there as unfrequent as at.the Iſle de 
Mayo) and that without any ſenfible diminution by 
penetrating and deſcending into the earth; and to 
prevent the loſs thereof by the exhalations of the 
Sun they covered it with leaves, &c. but that now by 
digging deeper they find Springs {o plenty that no 
Plantation is without one. 

From all theſe obſervations the following conſecta- 
ries do mechanically reſult. 

From the firſt it appeareth that ſome Springs have 
manifeſtly their ſource from the Sea; that ſand (wee- 
tens. tranſcolated Sea-water, and that even pickle 
ſtrainedthrough it loſeth much of its ſaltnelſs thereby, 
all which is evident from the Well therein mentioned, 
whoſe water could not poſhbly be other than what 


ſoaked im from the Pond and the Ocean. 


Hence 
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Hence alſo is manifeſt, that conſtant and =_ 
Fluxes of water may be made for eleventh months 
without rain to ara ſubterranean Ciſterns, ſup- 

ſed by you to ſupply them ; this appears from the 
River Ado theouah the I{lnd,: by whoſe banks 
I found (it being April when I was there, at which 
time they had been ten months without rain ) thſh 
after their ſhowers 1t could run but little larger that 
it did after ſo tedious a want of them. I had forgot 
to-intimate in the relation, that thoſe two Hommets, 
A. are craggy Rocks, whereon live a great number 
of Goats, and are conſequently very unfit, if not 
incapable, either to receive, or contain the Magazine 
for the ſupply of the Rivulet. 

From the ſecond it is manifeſt, that higher Moun- 
tains of earth, and conſequently more y to re- 
ceive and contain ſufficient quantity of rain-water to 
beget and ſupply Springs and Rivers have not always 
that effect, although there was one great advantage 
more added here, viz. a clammy tyte earth in the 
bottom to make the ſuppoſed Ciltern- the better able 
to contain the (tore. I ſay, that frequent-rain to fill, 
high Mountains to contain, looſe pervious earth to 
receive, anda well luted bottom to fupport and re- 
tain ( being all the qualifications and circumſtances 
ſuppoſed neceſlary tomake and continue Springs ac- 
cording to the modern Hypotheſis , though alt here 
concurred, did notwithſtanding fail of producing that 
cfiect. 

From the ſameit is alſo manifeſt,that where Springs 
fail, without want of the cauſes that Hypotheſis ſup- 
paſeth neceſlary to produce them, the occaſion hath 
been from an apparent defe& intheother (that is the 
imperviouſneſs of the earth through which the water 
muſt paſs beforea Spring can be produced ) both theſe 
appeared at Lipary, where the general effect a Spring 
or fountain was wanting, together with the cauſes 
of our Hypotheſis, though theſe of the other were 

F manifeſtly 
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manifeſtly-exiſtent, and with all' the advantapes' ne- 
ceſfary': It ſeeming tome a. very rational: conjecture, 
that the! greaſie clammy Sulphur, wherewith that 
earth was impregnated, did by opptlating: it hinder 
the infinuation of. the Sea 1nto1t. 

Fronmthe third obſervation: you have the firſt de» 
duQion confirmed, viz. That Springs are ſometimes . 
manifeſtly from the Sea; Fhat earth fweetens Sea-was . 
ter by Percolation; 'And that the nearer Springs are 
to the Sea, the more they retain of their prittnefalt- 
neſs; and tofe it by ſetifible degrees, as they imntinuate 
farther through it. | 

By the fourth the ſame is confirmed. 

The fifth proveth, that large ſtreams flow without 
any. poſbibility of being ſupplied. by rain, both for 
want of ſuch rain,- andof dunenſions to recerve.and 
contain 1t. ie 

The ſixth doth evidence, that rain doth not pene- 
trate the Surface of the earth, even in a very dry 
parched Country, and in the Torrid Zone, and yet 
that Springs are under it, which at once provesours, 
and the other opinion ; the former appears by 
the: water. in'thole made Ponds, lying there for a 
long time without any ſenfible loſs thereof by its leak- 
ingmto the earth : The” later by the Wells near the 
Sea; and thoſe found fince under that impervious 
Eand. 

He that is not altogether a ſtranger to the weight, 
preſſure, and Elaſticity of the air, the aſcenſion of 
liquors through Filters, and ſome other reſembling 
Phaxnomena; would not. account the like motion of 
the tranſcolated water to high hills, to be an obje- 
ion of any force againſt this Hypotheſis, but ſure 
ſuch folutzons are no leſs beyond my ability than. 
defipn.. 

Finding I have Paper enough left, I will prefume 
to trouble you. with one rare appearance more, that 


occurred to one Mr. Braſey of this Town, an aged 
and 
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and very fat man, who by taking Spirit of Vitriol 
in his mornings draughts (to which he was adviſed 
asa remedy to aſlwage-the-exuberance of. his belly ) 
found that it had no eftect on his body; but:that a 
bundle of Keys, which he uſed to carry always about 
him, and that wonted to be very ſmooth and bright, 
of a ſudden became black and ruſty, though; he -ne- 
ver handled the Spirit,nor carried it in; his pocket, 10 
that we concurred in opinion that the fadorous Eflu- 
via of his body, impregnated with the Acid: Spirit, had 
occaſioned it. | 

If fo, It's very wonderful, that ſo ſmall a quantity 
thereof, when. diluted with ſo much juice as-is con- 
tained in ſuch a corpulent man, ſhould even in{team 
and the inſen{ible Emanations make impreſſions on 
{ſmooth Tron, mauger the perpetual attrition, by car- 
rying them in his Pocker, whereby ſuch an effe&t 
(one would think) ſhould be prevented, or ſoon rub- 
bed of. — I was going to make ſome refle&ions on 
this notable accident, but I confider,e*c. 


/ 


Plimmouth 
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"F: HE Originalof Springs is that which hath ex- 
erciſed the Pens of: many learned Writers, 
and very various have been the conjectures concern- 
ning it. But amongſt all I have met with I conceive 
none moreprobable than that which ſeems to fetch ts 
original from the Hiſtory of the Creation mentioned 
in Holy Writ 5 that- is, that there is a Magazine of 
watersaboveas well as a Receptacle of waters upon 
or. beneath the - Surface of the Earth : And that the 
Air is that Firmament which ſeparates between the 
upper and” lower waters, and between theſe two 1s 
the circulation of waters ( or bloud'of the Micro- 
coſm, if-Tmay ſocall it ) performed. The water be- 
ing ſometimes by a particular conſtitution of the Air 
alliſted by heat, rarified and ſeparated into minuter 
parts, and+ ſo reduced into the form of Air, and 
thereby being divided into Particles really ſmaller 
than thoſe of the air in compaſſing, and agitated with 
a greater degree of motion, they take up more {pace, 
and ſo become lighter than the Ambient, and are 
thereby elevated and protruded upwards till they 
come to-their place of poiſe or Equilibrium 1n the 
Arr: At other times by a differing conftitutron of 
the Airand deficiency of heat they loſe their agitatt- 
on, and many of them again coaleſce, and ſo having 
leſs motion they arr and revert into water, and 
{o, being heavier than the incompaſhng Air, deſcend 
down againto the Earth in Miſts, Rain, Snow, Hail, 
or the like. 

That there is ſuch a CirculationI think there is none 
doubts,but ftill it remains a difficulty (with thoſe per- 
ſons that grant this) that all Rivers and Spiings ſhould 
have their original from the water that falls or con- 
dences out of the Air. 

To perſuadeſuch perſonsit may not poſlibly be un+ 
ſucceſsful tomention : 


Firſt. 
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Firſt, That the great inundations or overflowi 
of Rivers manifeſtly proceed either from the Rais 


that immediately falls,or from the melting of Snow or 
Ice that hath formerly fallen on the more eminent parts 
of Mountains ;. ro confirm which, Hiſtories enough 
might be brought were it neceſſary of Nils, Niger,8&c. 

Secondly, T hat it hath been obſerved and compu- 
ted that communibus annis & locks; there falls water 
enough from the Sky 1n actual Rain,Snow, or Hail u 
on the Surface of Ezgland to ſupply all the water that 
runs back into the Sea by the Rivers, and alſo all that 
may beſuppoſed to evaporate ; nay,though the quan- 
tity of the firſt be ſuppoſed twice as much asreally-it 
is. This I have beenallured by thoſe that have both 
experimented and calculated it. * 

Thirdly, That there is not yet certainly ( that I 
know or have hcard of ) any other way of making 
falt water freſh, but by Diſtillation; which, had there 
been ſuch an Art, it would 1n all probability have 
been made ule of, and fo there 1s little probability that 
the Springs at the top of a. high Hill ſhould proceed 
from the Sea-water ſtrained through the earth. But 
were thereſuch a bltration known I hinted mm my At- 
tempt, publiſhed axro 1660 about Filtration, how 
ſomewhat of that kind might beexplained. 

Fourthly, That this Operation is conſtantly and 
moſt certainly performed by Nature both in exhaling 
and drawing up freſh ſteams and vapours fromthe Sea, 
and all moy(t bodies, and in precipitating them down 
again in Rain, Snow, Hail, but of theother we have 
no certainty. 

Fifthly, I have obſerved in ſeveral places where a 
Tree hath ſtood upon an high Hill, fingly and parti- 
cularly at the brow of Box Hill near Darking in Sur- 
ry, that the body of the Tree 1s continually wet, and 
at the root ſome quantity of water, which is-always 
ſoaking and gliding down from the Branches and bo- 
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dy-of the Tree, the leaves, ſprigs, and branches -of 
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-the faid trees colleting and condenfing continually 
the 'moy lt part of 'the Air, the fame being indeed a 
true and lively repreſentation of a River. Nor 
has it been my obſervation alone, but the fame is 
mentioned by divers Authors: And 1t 1s attrmed 
by ſome Authors, that there are ſome Iſlands in the 
Torrid Zone which have no other water 1m them 
than what is condenſed out of the Air by the Trees 
at the tops of the Hills, and converted into drops of 
Rain. 

Sixthly, That it is generally obſerved, whereever 
there are high Hills there ace generally many Springs 
round about the bottoms of them of very freſh and 
clear water, and often times fome which riſe very 
near the tops of them, which ſeems to proceed from 
their great elevation above the other plam ſuperficial 
parts of 'the earth, whereby the Air _—_ daſhed 
and broken againſt them, they help to condenſe the 
vapours that areelevated into the higher and cooler 
Regions of the Air, and ſo ſerve hkeFiltres todraw 
down thoſe vapours ſo condenſed, and convey them 
into the Valleys beneath, And hence it is very uſual 
in Countries where there are high Hills to ſee the tops 
of them often covered with clouds and miſts, when 
it is clear and dry weather beneath in the Valleys. 
And in the paſſing through thoſe clouds on the top 
I have very often tound in them very thick miſts and 
ſmall rain, whereas as foon as I have deſcended from 
the higher into the lower parts of the Hills, none of 
that milt or rain hath fallen there, though I could (till 
perceive the ſame miſts to remain about the top. Con- 
ſonant to this Obſervation was one related to me by 
an ingenious Gentleman Mr. G.T. who out of curt- 
olity with other Gentlemen whilſt he lived in the 
I{land of Temeriff, one of the Canaries made a journey 
tothe top of that prodigious bigh Mountain, called 
the Pikc. The ſubſtance of which ( to this purpoſe ) 
- was, that the Caldera or hollow Cavity, at the very 
top 
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top thereof he obſervedto be very flabby and moy(ts 


and theearth.to flip underneath hisfeet, beinga very 
moyſtſoft Clay or: Lome like mortar. And: farther, 
that at a Cave, not far from the top, there was a 

at quantity of very freſh. water, which: was: con» 
tinually ſupplied, though great quantities of Ice-were 
continually. fetch'd from thence, and carried down 
mto the Ifland'for cooling thew Wines. Confonant 
to-which Obſervation-was that which was related to 
me by the Inquiſitive Mr. Edmund Hally made in 
St, Helena whilſt he ſtayed there to obſervethe places 
of- the Stars of the Southern Hemiſphere, in orderto 
perfet the Celeſtial Globe. Having then placed 
himſelf upon one of the higheſt Prominences of that 
{mall Ifland, which he found to be no leſs than 3000 
faot Perpendicularly above the Surface- of -rhe Sea 
next' adjoyning, ſuppoting that might be the moſt 


convenient place for his defigned obſervation:; He - 


aickly found his expectation much decerved as to 
that purpoſe for which-he choſe itz for being gotten 
ſo high-into the Air the motion of 1t was 1o; violentas 
much to diſturb his Inſtruments; but which was more, 
he found ſuch abundance of milts and moyſture thar 
it unglued the Tubes, and covered his Glaſſes: pre- 
ſently with a Dew 3 and which was yet more, the 
foggs and miſts almoſt: continually hindred the fight 
of the Stars. But upon removing to a lower (tation 
in the Ifland he was freed from the former Incon- 


VeEniences. | 
Lconld relate many Hiſtories of this nature, where- 


by it ſeems very probable, that not only Hills, but 


Woods alſo, do very much contribute to, the.con» 
denſling of the moyſture of the Air, and:converting 
it into water, and thereby to ſupply the Springs and 
Rivulets with freſh water: And Lam coanhdent, who- 
ſoever ſhall conſider his own obſervation of this na- 
ture, and compare them with this Theory, will tind 


many arguments to confirm 1t. However, an 
verba, 
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verba, Let Truth only prevail, and Theories fignific 
no further than right reaſoning from accurate Obſer- 
vationsand Experiments doth-confirm and agree with 
them. | 

Having thus delivered here ſomewhat of my own 
thoughts concerning Springs and Rivers, finding 
among ſome of my Papers a Relation, whereina very 
ſtrange ſubterraneous Ciſtern 1s mentioned, TI have 
here ſubjoyned it as I-received it from Mr. Thomas 
Alcock from m__ who together with Sir Humphry 
Hooke was by whilſt Captain Sammel Strrmy made this 
inquiry, and who by interrogatories made to him, 

nn'd this Relation for lim as it follows ver- 
atim. 


I N purſuance of His Majeſties Commands to me at 

the preſenting of my Mariners Magazine, I have 
with much diligence, ſome charge and peril endeavou- 
red to diſcover that great Concavity 1n the earth inGlo- 
ceſterſhire, tour miles from Kingrode, where His Ma- 
jelties great Ships ride m the Sever». And I find by 
30 190m that what has been reported of that place 
1s fabulous, whilſt I thus deſcribe it. 

Upon the ſecond of July 1669. I deſcended by 
Ropes affixt at the top of an old Lead Oare 
Pit, four Fathoms almoſt perpendicular, and from 
thence three Fathoms more obliquely, between two 
great Rocks, where T found the mouth of this fpaci- 
ous place, from which a Mine-man and my ſelf 
lowerd our ſelves by Ropes twenty five Fathoms per» 

endicular, into a very large place indeed, retem- 

ling to us the form'of a Horſe-ſhoo ; for we ſtuck 
lighted Candles all the way we went, to diſcover 
what we could find remarkable; at length we came 
toa River or great Water, which I found to be twenty 
fathoms broad, and eight fathoms deep. The Mine- 
man would have perſwaded me, that this River 
Ebbed and Flowed, for that ſome ten fathoms above 


the 


. 
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the place we now were in we fond the witer hatl 
( ſometime ) been, but T proved "the contraty "by 
ſtaying there from three hours Floud to two hours 
Ebb, m'which time we found no alteration of this 
River ; beſides, it's waters were frefh, ſweet, and 
cool, and the Surface of this water” as it is now at 
eight fathom deep, lies lower than the bottom of any 
part of the Severn Sea near us, ſo that it can have no. 
commumty withit, and confequently neither flux nor 
reflux, but in Winter and Summer, as all Stagra's, 
Lakes, and Loughs (which T take' this tobe -) has. 
As we were walking by this River thirty two fa- 
thoms under ground, we diſcovered a great hollow- 
neſs in a Rock ſome thirty foot above us, ſo that I got 
a Ladder down to us, and the Mine-man went'up the 
Ladder to that place, and walk*'d marmaſiorcas' 2 "an 
ſcore and ten paces, till he juſt loft fight of me, and 
from thence chearfully call'd to me, and told me, he 
had found what he look'd for ( a rich Mine; ) but his 
joy was preſently changed mto amazement, and he re- 
turned affrighted by the fight of an evil Spirit, which 
we cannot per{wade him but he ſaw, and for that rea- 
ſon will gothither no more. 

Hereare abundance of ſtrange places, the floor- 
ing being a kind of a white ſtone, Enameled with 
Lead Oare, and the Pendent Rocks were ed 
with Salt-Peter which diſtilled upon them fromabove, 
and time had petrified. 

After ſome hours ſtay there, we aſcended without 
much hurt, other than ſcratching our ſelves in divers 
places by climing the ſharp Rocks, but four days to- 
gether after my return from thence I was troubled 
with an unuſual and violent Headach, which I impute 
to my being in that Vault. This is a true account of 
that place ſo much talk't of, deſcribed by me 


Samuel Sturmy. 
'r HS Having 


_ 
Having. given you a Rehation of — very 
low he et the Earth, I now add, 


An account of a Journey made to the higheſt part of the 
earthby wenious Friend Mr.G. 1. «s I colleed 
it out of t ials which he writ at the time of 
making it 5 The particulars whereof weve, 


Hat Aug#ſt the twentieth, 1674.about Nine in the 

[ morning, in company with Dr. Sebaſtian de 
 Franques, Mr. Chriſtopher Prancis, Mr. Thomas Prond- 
foot, together with a Guide, and two other men with 
horſes to carry themſelves and neceſlary provition for 
the Journey, he ſet out from 

hey paſſed up a Hill, which was very ſteep, till 

they came to the Pizal or Wood of Pines, This 
Wood lieth very high-un--the-Hlend; and extendeth it 
ſelf from oneend of the Ifland to the other, and is in 
many places of a great Breadth, and is very frequent- 
ly covered with a Bruma, fog, or miſt, which is fo. 
thick as to darken and hinder the appearance of the 
Sun through.1t, and ſo-moy(ſt as to make one wet in 
paſling through it. 
| _ Through this Wood they rode by a pretty ſteep 

aſcent near two Leagues, crofling it till they came to 
 thefurtheror fide, where alighting they reſted 
themſelves under a Pine, and Dined. And the fog, 
which had accompanied them through the whole 
Wood, here left them, and the Sun appeared. 
' From hence they parted about one in the Afﬀer- 

non, and after an aſcent of about halt a mile of very 
bad ſtony way they came to a ſandy way, which for 
about the length of a League was pretty plain ; but 
then they began to aſcend a ſandy ball, which for half 
a League farther was pretty ſteep, which having 
palled they arrived at the foot of the Pike. 

Here they alighted, ard then reſted themſelves 
for fome time, then taking horſe again, they began 
to 
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to aſcend the Pike it ſelf. This part of it was ſo 
ſteep that the way up it is made by ſeveral | 
on OO fro ta caſe Se aMleviate the 
the aſcent, which were otherwiſe un- 
able for horſes. All this part ſeems to be nothing 
£clſc but burnt ftones and afhes, which may have for- 
merly tumbled down from the higher parts of tlie Prke. 
At this place they alighted, and unloaded their 
horfes of the Providien of Vittual and water which 
they were forced to carry with them for their own 
accommodation, as alſo of the Provender for their 
horſes. Ard preſently ſet themſelves to provide 
againſt pan 17 _ of the enfuing night by 
int lace a of 
. aqmJery. a {mall ſhrub, called ana mr Ar 


unlike our Engliſh Broom, which grows there pretty 
plentifully, —_ when d Hume very well; then, ha- 


gotten they indavegend to ſhel- . 
ny arroooon pr the piercing cold wind Hm 
ing up a wall of ftones on the windward (i 
making a good fire of the dry ſhrubs they __ colleft- 
ed to warm themſelves. 

But ſo furious was the wind which came | 
down from each fide of the Mountain that i « blew the 
fmoak and aſhes into their eyes, and forced them 
( _ much to the Regret by reaſon of the ex- 

coldneſs of the Air )-to remove' their 
re re farther "x .Andto keep themſelves as warm as 
they could by lying down upon the ground very cloſe 
together. Thus they paſſed the _— together as 
well as they could, but with very little (leep, partly 
by reaſon of the cold, and partly for the continual 
expeRation they had of the moment when their Guide 
would call them to be mounting up the Pike, which is 
uſually about vo or three hours before day, to the 
end that they may get up to the top before the 
riſing of the Sun. For at the rifling of the Sun 


the Air is the-moſt clear, and all the Nlands of 
G 2 the 
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the Czreries round about may be then plainly diſco- 
vered. | 

But at two a clock, . when they ſhould have been 
on their Journey, the wind continued to: blow with 
ſuch violence, that their Guide would: by no: means 
venter to go upfor fear leaſt in the climbing up ſome 
ſteep places the wind ſhould encounter any of them, 
and hurl them headlong down, fo-that they were 
forced to continue and ſhelter themſelves in their bad 
Lodgings till the Sun aroſe, and had got ſome maſtery 
of « wind. _ | 
About fix a clock therefore they ſet forwards on 
their enterpriſe, having firſt taken each of them his 
diſh of Chocolatte to Drtifie their ſtomachs the bet- 
ter againſt the cold, ſo-with their Bottle of Stron 
water in their Pockets, and Staves in; their hands, 
the been to mount 21, vb hrpas. juſt fuch 
as they had paſſed the-night before, but much more 
ſteep, and continued: on till they came to the Mal 
pays, or ſtony way, which may be about halt a mile 
from the place where they lay ; This ſtony way lieth 
upon avery ſteep aſcent, and is compounded of abun- 
dance of-ſtones which he hollow and looſe, ſome of 
them of a vaſt prodigious bigneſs, and others of them 
ſmaller, in. ſuch manner as 1t they had been thrown 
up there. by ſome Earthquake, as the Author con- 
jectures with very great probability. In the clam- 
Torka theſe ſtones they took gregt care 1n placing 
their ſteps on ſuch of themas were more firm for fear 
of (lipping or tumbling ſo as to break. their Legs or 
Arms, | | 

With this difficulty they aſcended till they came to 
the Cave which he conjectures to be about three quar- 
ters of a mile diltant trom the beginning of the ſtony 
way. 4 

At this Cave they found ſeveral perfons who were 
come thither to get out Ice to carry down into the 
Illnd, fame of which were below in the Cave, 


digging 


i 
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_ digging Ice which was very thick, others remained 
' above. They found the mouth of the Cave about 
three yards high, and two yards broad; and being all 
of them deſirous to deſcend intoit, by aRope faſtned 
about their bodies under their armpits they were all 
one after another let down into it till they came to 
ſet their feet upon the Ice, which is about ſixteen of 
eighteen foot from the mouth. 

The Cave is not very large, but full of water and 
Ke, which at the time when they were there lay 
about a foot under the Surface of the water, thoug! 
the men that uſually go thither ſaid that at other 
times they found the Ice above the water, which 
makes many to ſuppoſe that it ebbs and flows by means 
of ſome ſecret entercourſe that it may have with the 
en, they averring that they have ſeen it emptying of 
it ſelf. 

But this Gentleman ſo ſoon as ever he came down 
fixt his eye upon a ſtone that lay juſt above the Su- 
perficies of the water, and obſerved very diligently 
- could not 1n all theſpace that he ſtaid there, which 
was half an hour, find it- etther increaſe: or 'diminiſh; 
which makes him believe that the fulneſs or emptineſs 
of the water may rather proceed from thoſe thick 
fogs and, miſts which are generally on the top, and - 
which hinder the Pike from being ſeen ſometimes for 
twenty, thirty, nay, forty daystogether, exceptonly 
juſt ar therifang'or m_— of the Sun, though at ſome 
other times it happens alſo that the Air is clearer, and 
the Pike may be ſeen perhaps for a month together: - 
From theſe miſts he conceives at ſome times much + 
water may be collected at the upper parts of the Pike; 
and ſoaking down may not only ſupply, but increaſe 
the water 1n the Cave; and confonant to this Hypo- 
theſis he obſerved whilſt he was there, that there was 
a continual gleeting and dropping of water in fix or 
ſeven places from the ſides of the Cave; which drop- 
pings he ſuppoles may be greater or leſs — "as 

GEN , thoſe. 
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IX 


:thoſe fogsdo more or les it, or ſlay about 
-it a longer or-ſhotter time; He alfo that there 
may be ſome other more ſecret ways both for the. 
conveying watermto and out of the faid Cave than 
thoſe droppings, but ſuppoſes them to proceed from- 
the aforeſaid fogs. Hence he conc} when the 
Air is clear, and noneof thoſe fogs condenſed about 
the Hill, the water in the Cave muſt neceflarily de- 
creaſe. And that wich confirmed him the more m 
this opinion was that when he came to the very top 
of the Pzke, he found the earth under him ſo very 
moyſt, thatit was like mud or morter, and might be 
made into Paſte as by experiment he found which he 
conjectures could no ways be cauſed by the wind or 
clear Air, which is rather drying and confuming of 
moiſture, but muſt proceed from the fogs or miſts 
which are above the very tap of the Prke. 

He further took notice in the Caye that upon the 
ſides and top thereof there grew a ſnow-white furring 
like Saltpeter, which had a kind of altiſh taſte, ſome 
of which he gathered and brought back with him to 
England to have it examined. 

After about half an hours ftay in the Cave, which 
they found warmer than without in the open Air, 
they were all pulled up again, and proceeded forward 
intheir Journey by continuing to clamber up the {tony 
way, which laſted till they came to the foot of that 

art of the Mountain which is called the Sugar-loaf, 
by reaſon that at a diſtance from the Ifhand'it appears 
of that ſhape, as 1t dothalſo even when you are at it. 
The diſtance of this place from the Cave they judged 
to be about halt a mile, but the way much more 
ſteep and aſcending than the former part of the ſto 
way, and extreme troubleſom to pals, their feet fink- 
ing and flipping down again almoſt as much as they 
could ſtride upwards, fo that they concluded it the 
moſt painful of all ; however, perſiſting in their en- 
deavours, after many times reſting themſelves, they 
gained 


, 
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; top, whichthey conceive might be about 
Ee ae ub 


The very top they found not plain, but v 
Rocky he Bos Soc Þ in the middle thereof a on. 
hole; the outſide of this top this Gentleman con- 
ceived might be about a quarter of a mile round about 
on the outſide. 

This hole he conceived to be the mouth of a Yul- 
cazo Which hath formerly been in that place, for 
even at that time whilſt they were there much 
{moak aſcended out of ſeveral holes and chinks of 
theRocks, and the earth in divers parts was ſtill (© 
very hotas to be very offenſive to their feet through 
their ſhooes, and he obſerved Brimſtone thrown up 
in ſeveral places, of which he collefted ſome, and 
broughr back with him to England. 

From this place may beſten in a clear day all the 
fix adjacefit I{lands, but the weather being thenfome- 
what thick and hazy, they could diſcover none but 
the grand Canaries, Palm, and the Gomera, which 
laſt, though diſtant near eight Leagues from the bot- 
tom of the Pike ſeemed yet ſo near unto them as if it 
had beenalmoſt under them. The reſt of the Iflands 
they could diſcover whereabout they lay by meansof 
a kind of white cloud hanging on them, , but they 
could not diſcern the [{Jands through thoſe clouds. * 

Here they tried their Cordial- Waters which they 
carried in their Pockets, but found them not to abate 
of their uſual ſtrength, and become cold and infipid 
as fair water, as ſeveral had poſitively averred to him 
that they had found it, but he conceived them tobe 
very much of the ſame nature and ſtrength that they 
were of before they were carried up; 'which he fup- 
poſes to be by reaſon of their arriving at the top lo - 
late. , 

After they had ſtayed on the top about an hour, 
and ſatisfied themſelves in obſerving ch things-as 
they were able, they deſcended again with very meh 
facility, . 
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facility, and came to the Staxcia about eleven of the 
clock, where they dined, and thence about one inthe 
Afternoon ſet forwards for the Fila, where they ar- 
rived that afternoon about fivethat Evening. 

After their return they found their faces ( by rea- 
fon of the heat of the Sun, and the parching ſubtil 
wind ) tocaſt their sktns. 

Hedidnot meaſi;c ce Perpendicular height of the 
Hill himſelf, but {a5 that he hath been informed þy 
divers skilful Scamen, ( who by their beſt obſervation 
have taken the height of it) that it 1s between three 
and four miles perpendicularly above the Sea. 


T N this Relation it is very remarkable : 
[ Firſt, that this prodigious high Hill is the Produtt 
of an Earthquake, and ſeems heretofore to have. been 
a Vulcano, or burning Mouncain; I1kKe thoſe of 
Veſuvins, Hecle, &c. though at preſent it bath only 
fire enough left to ſend forth ſome few ſulphureous 
fumes, and to make the earth of the Caldera or hol- 
low pit at the very top thereof in ſome places almoſt 
hot enough to burn their ſhooes that paſs overit. And 
poſhibly in ſucceeding Ages even this little fire may be 
quite extinct, and then no other ſ1gn thereof may be 
left but a prodigioully high Rock or ſpiring Moun- 
tatm, which in tract of time may by degrees waſte and 
bedimimiſhed into a Hill of a more bus. 2099 height. - 
Now as this Hill ſeems very evidently to be the 
eftectof an Earthquake, ſo I am apt to believe that 
moſt, if not all, other Hills of the world whatever 
may have been the ſame way generated. Nay, not 
only all the Hulls, but alſo the Land which appears 
above the face of the waters. And for this I could 
produce very many Hiſtories and Arguments that 
would make it ſeem very probable, but that I reſerve 
them in the Le&ures which I read of this ſubje& in 
Greſham Colledge in the years 1654, and 1665, 
which when I can have time to peruſe I may publiſh. 
Therein 


£49] 

'Therein Tmade it probable that'moft Iſlands have 
been thrown up by ſome ſubterraneous Eruptiens. 
Such is the Iſland of Aſrerſior, the Moluccas, &c. 

Secondly, that molt part of the Surface of the 
Earth hath been (ince the Creation.changed in its po- 
ſition and height in reſpect of the Sea, to wit, many 
parts which are now dry Land, and lie above the Sea, 
have been in former Ages covered with it; and 
that many parts, which are now covered with the Sea, 
were in former times dry Land. Mountains ' have 
been ſunk into Plains, and Plaing have been raiſed 
into Mountains. 

Of theſe by obſervations I have given inſtances, 
and ſhewed that divers parts of England have in for- 
mer times been covered with the Sea, there being 


found at this day in the moſt Inland parts-thereot {ut- 
ficient evidences to prove ir, to wit, Shells of divers 


ſorts of Fiſhes, many of which yet remain of the ani- 
mal ſubſtance, though others be found petrified and 
converted intoſtone. Some of theſe are found raiſed 
to the tops of the higheſt Mountains, others ſunk in- 
tothe bottoms of the deepeſt Mines and Wells, nay, 
in the very bowels of the Mountains and Quarries of 
Stone. I have added allo divers other inſtances to 

rove the ſame thing of other parts of Exrope, and 
bin manifeſted, not only that the lower and plainer 
parts thereof have been under the Sea, but that even 
the higheſt Alpine and Pyrenean Mountains have run 
the ſame fate. Many Inſtances of the like natureI have 
alſo met with in Relations and obſervations made in 
the Eaſt as well as inthe Weſt Indies, 

Ot all which ſtrange occurrences I can conceive no 
cauſe more probable than Earthquakes and ſubterra- 
neous Eruptions which Hiſtories do ſufficiently affure 
us have changed Sea into Land, and Land into Sea, 
Vales into Mountams ſometimes, into Lakes and 
Abyllesat other times; and the contrary —- unleſs we 
may be allowed to ſuppoſe that the water or fluid 

H Part 


I 
- 
- 


£59] 
part of the garth. which covered the whole at firſt, 
and afterward the greateſt part thereof, might in ma- 
ny Ages and long proceſs of time be waſted, by being 
firſt raiſed intothe Atmoſphere in vapours, and thence 
by the diurnal, but principally by the annual motion 
thereof be loſt into the e/her, or medium through 
which it paſſes, ſomewhat like that waſting which I 
have obſerved tobe in Comets, and have noted it in 
my Cometa : Or unleſs we may be allowed to tuppoſe 
that this fluid part 1s waſted by the petrifaction and 
fixation of ſuch pgrts of it as have fallen on the Land 
and Hills, and never returned to fill up the meaſure of 
the Sea, out of which it was exhaled, fer which ve- 
ry much may be ſaid to make it probable that the 
water of the earth is this way daily diminiſhed. 

Or unleſs {ſince we areaſcertained by obſervations 
that the direftion of the Azivot rhe earth is changed, 
and grown nearer the Polar Star than formerly ; that 
the Magnetiſm or Magnetical Poles are varied, and do 
daily move from the places where they lately were, 
and that there are other great and noted changes ef- 
feed in the earth) we may be allowed to conceive 
that the Central point of the attractive or gfe. 
power of the earth hath in long procels of time been 
changed and removed allo farther from us towards 
our Antipodes, whence would follow a receſs 
of the waters trom thele parts of the world to thoſe, 
and an appearance of many parts abave the ſurface of 
the water inthe form of I{lands, and of other places 
formerly above the Sea now in the form of Moun- 
tains, ſo to continue till by the Iibration or other- 
ways returning motion thereof it repotteſs its former 
ſeat and place, and overwhelms again all thoſe places 
which in the tnterim had been dry and uncovered with 
the return of the ſame water, ſince nothing in nature 
is. found exempt from the ſtate of change and cor- 
ruption, 


Further, 
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Further, it is probable that Earthquakes have 
been much more frequent in former Ages ion they 
have beenin theſe latter, the confideration of which 
will poſtably make this Afſertion not ſo Paradorxical as 
at firſt hearing 1t may ſeem to be 3; though even theſe 
latter Ages havenot been wholly barren of Inſtances 
of the being and ecttects of them, to convince you of 
which I have hereunto ſubjoyned a Relation and ac- 
count of one very newly which hapned in the Ifle of 
Palma among the Canaries. 

Next, the clearneſs of the Ai* is very remarka- 
ble, which made an Ifland which lay eight Leagues 
oft toJook as if it were cloſe by. To this purpoſe 
I have often taken notice of the great difference there 


1s between the Air very near the lower Surface of the 
Earth, and that which is at a good diſtance from it ; 


That which is very near the carth being generally fo 
thick and opacous that bodies cannot at any confidera- 
ble diſtance be ſcen diſtmaly through it: But the far- 
ther the eye and object are clevated above this thick 
Air, the more clear do the objedts appear. And I 
have divers times taken notice that the ſame objet 
feen from the top and bottom of a high Tower hath 
appeared twice as far off when ſeen at the bottom as 
when ſeen at the top: For the Eyedoth very much 
judge of the diſtance of Obje&s according as the 
Denfity of the Air between the Eye and Obyect doth 
repreſent them. Hence I have ſeen men look of Gt- 
gantick bigneſs in a fog, cauſed by reaſon that the 
Fog made the Eye judge the Obje@ much farther off 
than really it was, when at the fame time the vifible 
Angle altered not. This great thickneſs of the lower 
Air is ſuthciently manifeſt im the Caleſtial bodies, few 
of the fixt Stars or ſmaller Planets being viſible 
till they area confliderable way raifed above the Ho- 

riZOn. 
The third remark about the moiſtneſs of the fogs, 
and the produQtion of water at that height 1 GP 
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fore-infiſted:on... Only the almoſt continual fogs that 
this Gentlemars obſerved in the Wood they paſſed is 
very remarkable for the origine ob Springs.. | 

Nor ſhall I fay any thing concerning the vaſt per- 
pendicular height of the ſame, but for a cloſe of this 
preſent collectionT (hall add the ſhort account of the 
Eruption which lately hapned in the Palma. 
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A true Relation of the Vulcanos which broke out in 
the Iſland of the Palma Novemb.13. 1677. 


PdAturday the thirteenth of November 1677: aquar- 
| ter of an hour after Sun.ſet hapned a ſhaking or 
Earthquake in the Itland of St. Michael de "IF. he 
one of the Canary Iflands, from the lower Pyrenna, 
and within a League of the City unto the Port of 
Taſſacorte, which 1s accounted thirteen Leagues diſtant 
along the Coaſt, but more eſpecially at or about a 
place called Fwerncaliente, being ſeven Leagues from 
the Town tothe Southwards. The trembling of the 
earth was obſerved to be more frequent and violent 
than elſewhere, and ſo it continued titl Wedreſday 
the 17. ditto. The People thereabouts were much 
aftrighted, for belides the Earthquake there was often 
heard a thundring notfe as in the bowels of the earth 
on a Plaincalled the Canios, which 1s before you come 
to the great deſcent towards the Sea, 'where the hot 
Baths ftand,” or the holy Fountain ; Iikewife- at the 
aſcent from the aforeſaid Plam upwards at the great 
and weariſom Hill,called Czeſta Canſada, and until the 
Mountain of Goatyards, and the fame day inand about 
the ſaid places mentioned, the Earth began to open 
ſeveral mouths, the greateſt of them upon the faid 
Goat. Mountain, being diſtant from the Sea a mile and 
an half, and from the ſaid opening came forth a. very 
great - 
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reat heat and ſmell of Brimſtone ; and the ſame day,an 
L r before Sun-ſet at one of the mouths of the wea- 

rifom Hill was a trembling thereabout with more vio- 
Fence than any of the four days before; and a great and 
black ſmoak came forth with a terrible thundring noiſe, 
opening a very wide mouth, and throwing out much 
fire, with melted Rocks and ſtones ; and immediately 
after at another place eighty paces below hapned the 
like terrible noiſe and fight, and in leſs thana quarter 
of an hour after there opened to the quantity oteigh- 
teen mouths towards the foot of the-ſaid Mountains, 
and there iflued out fire, melted Rocks,and other bitu- 
minous matter from all the faid mouths, and was pre- 
ſently formed into a great River of fire, which took its 
gaxaric over the firſt mentioned Plain, (lowly goi 
down towards the ſaid holy Founmain 3-but-ir- 
God, being, come withineight ſpaces of the Brink of 
the ſaid great deſcent, it turned alittle on the right 
fide, and took its courle with a very great fall.to- 
wards the old Port, which 1s that. which was firſt 
entred by the Spaniards when they took . the 
Hands. 

Friday the nineteenth at two a clock in the after- 
noon in the aforeſaid Mountain of Goats,on the other 
fide of Ta/acorte, there opened another mouth 
with much ſmoak and ſtones of fire, and ſo cloſed 
again. But the next day (the twentieth Y i began. 
again to ſmoak, and continued with great, trem- 
bling and noiſe in the bowels of the Earth until. 
Sunday the twenty firſt at noon,. when with many 
flaſhings of. fire, and a greater thundring noiſe it 
finiſhed that opening of that monſtrous birth, caſt-- 
ing up into the Air both fire and ſtones, and at might 
the ſmoak ceaſing, the thundring noiſe, fire and ſtones - 
increaſed, forcing great fiery ſtones ſo.high. into the 
Air as we loſt ſight of them, and with ſuch violence 
ſent them upwards that according to the beſt judg- 


ment they were five times longer in falling down, 
H 3 which . 
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' which ſtones or Rocks were obſerved to-be bi 
than a ; and what was moſt to be adimred 
was, that theſe — the Air, and changing into 
many ſeveral ſhapes, diſtinctly appearing, yet not- 
withſtanding did reunite again in falling down. 
Mmnday the twenty feaond nt began again to caſt 
forth black ſmoak for two hours time, and after to 
thunder,and throw up fire and ſtones with great vio- 
lence. Tweſday the twenty third at noon it ſmoa- 
ked again, and from thence unti] night there was terri- 
ble thundring noiſe, and caſting up of fire and {tones 
more fierce than before ; and about nine of the clock 
at night a very great trembling of the carth was felt, 
and preſently An followed three great ſtones of fire 
in the form of Globes which were forced about halt-a 


League m hcight, and then like Girananoer broke 1n 
the Air with very great noiſe. Wedreſday the twenty 
fourth it was for an hours time very quiet, and 
after it began with greater force than ever before, 
by reaſon that ſome of the lower and firſt mouths 
were partly ſtopt, with which the aforeſaid River 
of fire ceaſed from running, after it had dammed up 
the Bay of the old Port, with burnt and melted 
Rocks and Stones, and other matter wherewith the 
ſaid River had run, and had forced the Sea back- 
ward above a Muſquet ſhot at random,and near twice 
as much in breadth. It ran into the Sea above fixty 
paces. What fell into the Sea went congealing with 
a great ſmoak, what came after, forced and ran 
over that which went before, ſo that the ſmoak was 
very great many paces within the Sea, as far as ſeven 
fathoms depth, which cauſed many men to imagine 
that ſome ſuch like Valcano had opened under the 
Sea M the ſaid ſeven fathoms depth. This night it 
caſt up fome ſtones like great fiery Globes as the 

former. 
Thurſday the twenty fifth it proved yet more 
violent than ever with thundring noile and _— of 
re. 
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fire. Friday the twenty fixth, the mouth that was 
at the foot of the Mountain began again to caſt up as 
much fire and ſtones as ever, and formed two other 
Rivers;the one taking its courſe to Leeward ofthe firft 
River leading toward the Rocks called de los Tacoſos ; 
and the other took its way to windward of the firſt, di- 


realy towards the Bathes or Holy Fountain ; and in 


this entrance the mouth of the Monntain was obſer- 
ved to be more quiet, though it caſt up much aſhes 
like black ſmall fand. What dammage appears to 
have been. done from its beginning to this day the 
twenty ſixth of November, being of thirteen days con- 
timuance, hath been about nine or ten Country 
Houſes burnt, beſides Out-houfes, and great Ciſterns 
forwater, which are the poor Peoples only Remedy 


in thoſe parts, and upwards of rtree-tanered-feres - 


of ground are quite ſpoiled, being covered with 
Rocks, Stones, and other Rubbiſh and Sand ; and 
if, (which God defend) the faid Vzlcaro do longer 
continue, the damage mult be far greater, efpecially 
if any other mouth ſhould break out higher, as it is 
much feared, by reaſon the earth in ſome places doth 
open with appearances as at fir[t, ſo that all about that 
circuit of the Fuencalliente will be loſt; and for what 
already hapned, and yet continues with much terrour, 
beſides the fears of more in other parts thereabour, 
the Inhabitants do leave their Habuations, and like 
poor diſtre{ſed people ſeek relief at the City, and 
many leave the Ifland to ſeek their fortunes in-the 
others. 

From the twenty ſixth of November, that the afore- 
ſaid Relation was ſent for Texeriff by the Chamber of 
this Iſland unto the Genera], the ſaid Vulcanwo con- 
tinueth fierce and without cealing, rather more 
thanleſs, with a terrible thundring noiſe, caſting up 
Fire, Stones, Rocks, and black Aſhes, and the three 
Rivers of Fire till running mto the Sea, -and hath 
now dammed up all the Baths and holy Fountain, to 
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the great detriment of the Iſland, that yearly recei- 
ved a great benefit thereby, beſides many damages 
dayly added to the former. Several other mouths 
have ſince opened in the like dreadful manner year 
about the fame place, we ſee the great ſmoak- by 
day, and hear the thunder and noiſe, hke the ſhoot- 
| ing offof many Cannons, and by night ſee alſo much 
of the fire very high in the Air from this City, which 
15 one and twenty miles from it. 

We are now at the eleventh of December, and fear 
we ſhall have more to write to-youby the next, 

Other Letters of the thirtieth of December mention, 
that it then contined muchat one ag before 3 and-fince 
others of the nineteenth of Jarwary fay, it is yet as 
dreadful as ever, and little likelihood of ceaſing 


from the thirteenth of November that 1 the 
nineteenth of Jaxrary is eeks that it hath 


burnt; and the laſt Letters mention abundance of 
Aſhes orblack Sand forced into the Air, and carried 
all over the Iſland, falling thick like Rain, and fre- 
quently gathered in the City, in the Styeets, Houſes, 
and Gardens, though ſeven Leagues oft. 
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FINIS. 


Ee ERRAT 4. 


PX 10, line 15, read the other, viz, the vibrating, /. 16, participates. 
+4-17.8 18. % Vibration; thereof, bur all Selids do exclude thay nien- 
ſtruum, or participate nor of irs motion.-p. 14, /.11. for lewgthy, ber. 
L12.r. ons will be. p.15. 1.5.7, LMN O. |. 12, r. have of Elifticicy 
Is. ps 18, [, 29, r, equal to ten, p.42./.13; r, from Oratav. 1.12, 7,'or Souths 
caſt fide. p42. 1.9, for Prancis I. Francis, | 
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